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TESS, A One-dimensional
Sp Transport-theory Code
for the CDC-3600

by

Ronald W. Goin and J. P. Plummer

ABSTRACT

TESS is a code, written in FORTRAN, which pro-
vides the multigroup real and adjoint solutions to the trans-
port equation in the S, approximation for one-dimensional
slab and spherical geometry. A direct method of solution
for each outer iteration is used for maximum efficiency in
slowly converging problems. A double S, formulationinslab
geometry, whichallows the code totreatdiscontinuities more
efficiently in the angular fluxat interfaces, yields more ac-
curate results with fewer angles. TESS contains a sophis-
ticated cross-section homogenization routine, which permits
cross-section collapse in both space and energy by six dif-
ferent prescriptions--three by real flux weighting, and three
by flux and adjoint weighting. In addition, two different meth-
ods of providing for cell leakage make the code convenient for
fast-reactor, critical-facility heterogeneity studies. Highly
generalized boundary-condition capabilities make TESS quite
suitable for photon-transport problems as well. Integrals of
flux and adjoint for perturbation analysis can be calculated.
Reaction rates may be computed for specified isotopes as a
function of space.

CODE SUMMARY
Program title: TESS.
Computer for which designed: CDC-3600 with 50K words of available
core (64K including the monitoring system) and 10 tapes (not including
the system tape).
Other computers upon which it is operable: With minor conversion

effort, any computer with sufficient core and auxiliary storage (since
the code is written in FORTRAN).
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Nature of physical problem solved: Solves transport equation in slab
and spherical geometry using double-S,, approximation for slab.

Method of solution: Uses direct solution for angular fluxes for each
outer iteration.

Restrictions on the complexity of the problem: 150 mesh points,

26 groups, 20 angular intervals, 12 isotropic downscatter groups,

one P, downscatter group, 40 regions, 25 materials, no restriction
on angles except that they be symmetric about n/2 (b = 0). No upscat-
ter is allowed.

Typical running time: Approximately 5 X iHfof sec/(point-group-angular
order squared) per iteration. This is a very rough estimate.

Unusual features of the program: Automatically computes both flux and
adjoint and performs integrals necessary for perturbation analysis.
Does bilinear as well as real flux-weighted cross-section homogeniza-
tion over both space and energy. Computes reaction rates as a func-
tion of space for specified isotopes.

Related and auxiliary programs: TESS is an extension and modification
of the MIST code. One of the main modifications in TESS is the con-
version of the coefficient matrices from three-dimensional to one-
dimensional vectors to increase both the maximum permissible problem
size and the speed of the code. Other modifications are the adjoint cal-
culation, the lifetime calculation, the calculation of flux and adjoint
integrals for perturbation analysis, the cross-section homogenization
routine, and the addition of the spherical solution.

Status: Operating.

References: IDO-16856, MIST (Multigroup Internuclear Slab Transport),
by G. E. Putnam and D. M. Shapiro (May 10, 1963).

Machine requirements: 50K available core storage, 10 tape units,
including I/O but not including monitor.

Programming language used: 3600 FORTRAN, 100%.
Operating system under which program is executed: SCOPE 6.2114,
Other programming or operating information or restrictions: The

"Buffer In" and "Buffer Out" statements are used and would have to be
changed to be compatible with FORTRAN IV. The time remaining at any



stage of the computation is determined by an A = TIMELEFT(A) state-
ment; the program is made up of five overlays, one of which contains
three segments.

15, Material available: Source decks, writeup, listings, and overlay tape.

I. INTRODUCTION

One problem associated with the analysis of plate-type fast reactors,
such as ZPR-3, -6, -9, and ZPPR,! is to determine the effect of the
heterogeneity introduced by using plates of various materials to represent
materials in a power reactor. This problem arises when, for example,
plates of graphite, canned sodium, plutonium metal, and depleted uranium,
each perhaps 1/8 or 1/4 in. thick, are stacked together in stainless steel
drawers to simulate a carbide-fueled, sodium-cooled power reactor. Another
example is the use of sodium carbonate, iron oxide, depleted uranium oxide,
and plutonium metal plates to simulate an oxide-fueled power reactor.

A picture of ZPPR is shown in Fig. 1. The reactor consists of one
fixed and one movable half, each an array of square matrix tubes into which
are inserted drawers containing the materials to be used in the reactor.
Figure 2 shows loaded drawers as used in ZPPR Assembly 2. Figure 3 is
a top view of the core drawer loading. For a detailed description of ZPPR,
see Ref. 1.

Fig. 1. Zero Power Plutonium Reactor (ZPPR). ANL Neg. No. 103-A11302.
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Fig. 2. Typical ZPPR Matrix Tube, Drawer, and Assorted
Constituent Plates. ANL Neg. No. 103-A11524,

0 2 y 6 8 10 12 14 16 18 20 - B
U308 AXIAL
BLANKET
NA 0.5
FE203
ZPPR PU 1.0
FE203
NA 145
U308
7.0

Fig. 3. Top View of Inner-core Drawer Loading

In thermal-reactor physics calculations, it has been standard pro-
cedure to determine the flux depression through a fuel pin or plate in the
thermal-energy group by use of transport-theory cell calculations, and
apply flux and volume weighting to either the atomic densities or the
macroscopic cross sections to obtain homogenized thermal-group cross
sections. A more complex situation occurs in fast reactors because the
flux in a particular material zone may peaksat some energies and be de-
pressed at other energies. The spatial shape of the adjoint is dependent
upon the composition of the various material zones. In the analysis of
reactors such as these, the effect of the heterogeneities on the spectrum




(both the real spectrum and the adjoint spectrum) is needed. This might
suggest that the individual material macroscopic cross sections for each
energy group should be weighted bilinearly (both flux and adjoint) for homog-
enization. The question of whether to use bilinear weighting, or flux weight-
ing only, probably depends on what quantities one is trying to calculate. For
most purposes, either scheme should be quite adequate.

The procedure that might be followed for an assembly with drawer
loadings as shown in Fig. 3 follows: Begin with a cell calculation in the
transverse direction across a drawer cell. The calculational model is shown
in Fig. 4. Both flux and adjoint calculations would be done with this model;
then the individual material cross sections would be homogenized by either
flux or bilinear weighting.

INNER CORE CELL
MATERIAL THICKNESS IN CM

MATRIX 8 DRAWER = 22225
ALL CLADS (wwm=) = 0381

Pu-U-Mo = 5588 Fig. 4
- - =< . 3
S o ? ° - A P e Calculational Model
- 2 St 2 s 2 = Fey 0,y =375 for T Cell
s o D! or Transverse Ce:

The resulting homogenized macroscopic cross sections would be
used in a vertical cell calculation to account for the drawer and matrix-
tube top and bottom. The model for this calculation is shown in Fig. 5.

The cross sections of the two materials INNER CORE CELL i
in the vertical cell would then be flux or bi- MATRIX 8 DRAWER j
linearly weighted to give homogenized macro- TOP 8 BOTTOM o

scopic cross sections. These homogenized
cross sections would be used in a cylindrical
or spherical core calculation to determine spa-
tially dependent fluxand adjoint spectra, reac-
tion rates, prompt-neutron lifetime, etc. HOMOGENIZED TRANSVERSE CELL

The transverse and verticalcells shown
in Figs.4and 5 are the unit cells inthe periodic
structure of the inner core zone of ZPPR, As-
sembly 2. The TESS cell calculations could &t
be done with the cells represented exactly as
shown, using the periodic-boundary-condition Fig. 5. Calculational Model
option. In practice, however, use would be for Vertical Cell
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made of the fact that both horizontal and vertical cells have mirror planes
of symmetry. Thus, half of each cell would be represented in the input,
and the mirror-boundary-condition option (MFR = 0 and the appropriate
number of elements in the ALPHA array set to 1.0) would be selected.

To assist in the analysis of these plate-type systems, the TESS code
has been programmed in FORTRAN for the CDC-3600 with 64K storage.
TESS is based upon a direct method of solution (one requiring no "inner
iterations") of the double S, formulation in slab geometry developed by
Putnam and programmed as the MIST code.? Because it is a direct solu-
tion, this formulation converges in about the same number of iterations as
diffusion-theory calculations.

The main modifications that were made to the MIST code that re-
sulted in TESS are:

The number of energy groups allowed was extended from 6 to 26.

The number of downscatter groups was extended from 5 to 12.

The number of space points was extended to 150.

The number of angular intervals was extended to 20.

The spherical-geometry solution was added in the same code.

A periodic boundary condition was added.

Two ways to correct for leakage out the top and ends of a system
(corresponding to DB? in diffusion theory) were added.

An option was added to compute both flux and adjoint for a particu-
lar case automatically.

A routine was added to compute reaction rates of specified isotopes
as a function of space.

A routine was added to compute integrals of the product of angular
flux and adjoint and integrals of the product of scalar flux and
adjoint (for perturbation analysis), and to compute the prompt-
neutron lifetime.

A routine was added to flux- and adjoint-weight the macroscopic
cross sections to homogenize over both space and energy. The re-
sulting homogenized cross sections can be punched on cards and/or
saved in core for succeeding problems.

The coefficient matrix was changed from three-dimensional to one-

dimensional vectors for more efficient handling.

The main advantages of TESS over existing Sp codes for ZPR- and
ZPPR-type reactor analyses are:




i

(1) TESS has maximum change-case flexibility. In one pass on the
computer, one can, for example, do the following: (a) Obtain flux- and
adjoint-weighted cross sections across the plates, assuming the plates
are infinitely long and high, then correct for matrix tubes and drawers by
a second calculation. (If desired, a calculation along the length of the plates
could be done to account for end effects.) (b) Follow the same procedure to
obtain homogenized cross sections in the blanket drawer cells and, if de-
sired, the core drawer cells at the core edge. (c) Perform a calculation
describing the entire reactor in either slab or spherical geometry using
the homogenized cross sections obtained in the preceding cases to obtain
kogs, fluxes and adjoints, prompt-neutron lifetime, etc.

(2) The flux and adjoint solutions can be obtained in one pass. In
most existing S, codes, two separate runs are required to obtain the flux
and adjoint solutions, and, if both are wanted, some card or tape handling
is necessary.

(3) A double S, approximation is used in slab geometry, and the
angular points can be completely arbitrary as long as they are symmetric
about p = 0. For example, in a slab cell calculation, where the gradient
of the angular flux is greatest at 11/2, the angles can be concentrated about
n/Z to result in the most accurate description of the angular distribution
with a minimum of angles. See Appendix C for recommendations on the
choice of angles.

(4) Computer time is saved. In most cases, TESS is at least as fast
as other S, codes, and for problems in which a large fraction of neutron
collisions result in nondegrading scatter, where transport effects are impor-
tant, TESS can be considerably faster. See Appendix D for a comparison of
the rate of convergence as a function of angular order for TESS and SNARG.

II. THEORY

A. Derivation of Transport Equation for Slab and Spherical Geometries

The Boltzmann transport equation balancing leakage, collisions,
scatterings, and fixed sources in the energy independent case is3

div N(z,Q) + £(r,Q)N(¥.Q) = fn- N(z,0')Z4(7.0,0') d + q(T,0), (1)

where N(r,0) = N(r,0)Q is the vector flux defined as the number of particles

traveling in a direction Q crossing a unit area normal to Q per unit time
per unit solid angle, £(7.Q) is the total cross section for removal of
neutrons from dQ about Q, and I¢(r,2,Q') is the scattering cross section for
scattering of neutrons in dQ' about Q' into dQ about Q. The q(r,Q) repre-

sents anv source of particles per unit volume per unit solid angle per unit
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time emitted in dT about T and dQ about (. Consider the restriction of
Eq. 1 to one-dimensional slab or spherical geometry, where the flux and
source are functions only of a position coordinate x and some angle 8 be-
tween a unit vector in the positive x direction and QaSIn this case,
N(r,0) = N(x,u) and q(r,Q) =~ q(x,4), where p = cos 6 = (x - Q)/x. The
first term in Eq. 1 can be reduced by a well-known identity, —

grad N(x,Q) - 0 + N(x,0) div Q

div[N(x,0)Q]

1

grad N(x,ﬁ) Q.
First consider spherical coordinates:

ON(x, 1) ar. ON(x,p) =

div[N(x,Q)Q] = = S Q- grad p

_ 3N(x,p) 1 ON(x,H) (w2 | o2
= Tu+;T(T\ FES),

where T and E, in addition to p, are the direction cosines of Q in our
spherical coordinates, thus satisfying T]2 + Ez + u.z = 1. Therefore,

div[N(z.a)a) = Neow) |, (- u?) AN(x.u)

5 - 3 spherical geometry
In slab geometry, since W is defined with respect to a fixed direction
in space, grad p = 0 and the result is
AN(x,u)

div[N(x,Q)Q] = p > slab geometry

Setting dQ = d¢ du in Eq. 1 leads to the result

ON(x,u) (1 - p?) dN(x,p)
g = + Z(x)N(x,p) =
m 1
[ Mo zmaa) aur do + an) (2)
0 vY-1
where
8 = 0 in slab geometry
= 1l in spherical geometry.
Now it is

assumed that th_f scattering cross section is a function only of the
angle 0, between Q and Q', so that if Mo = cos 8j, then

Zs(x,u0) = Zg(x,0,01).



Also, the representation of Ig(x,uo) in spherical harmonics is
> 2041
Eg(xmo) = ) Tr= Tey(x)Py(o). (3)
L=0

where
21T 1
Toqlx) = f f g, 10) Py (o) ditg d;
0 =1

and if one uses the addition theorem for spherical harmonics,

(2 -m)!

Pylwo) = Py(w)Pylu') + 2 Py (') cos [m(p - ¢')] (4)

M-
]
+
3

1
(where the Pzn's are the associated Legendre polynomials).

These relationships can be used directly to reduce the basic
Boltzmann equation to

m aNa(z'“) i 6[1 -xuz BNB(:'“)] + D(x)N(x,u) =

© 1
LZ 2L2+1 ZsL(x)PL(“)f Py(u')N(x,u') du' + q(x,u). (5)
=0 o

The terms involving m in Eq. 4 vanish with integration over ¢'. Equation 5
is the basic equation used for each neutron group in the TESS program.

B. Numerical Approximations Used in TESS Program

In the TESS program the sum on the right-hand side of Eq. 5 is
restricted to £ = 1, and the q(x,u) is assumed to be isotropic and therefore
independent of W. The only other approximation made is described as fol-
lows: N(x,u) is assumed to be linear with respect to x and p in each in-
terval, which results from the independent partitioning of the x and the
p spaces. This approximation is simply that in the x interval (x;, X;4;) and
the W interval (“'j' uj+1), N(x, 1) is represented by the expression

AN(xjuj ON(xjuj ZN(xih;
N(x,u) = N(xjuj) + —I\%’;—b-) (- x;) + %L) (b -13) + %;:L)(x-xi)(u - b),

(6)
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where
BN(xi,uj) X N(xi_H,uj) = N(Xi, “J)
ax - R~ X '
BN( 5 N(xi, “j+1) = N(xi, “’j)
—_— x., 2 = y
ST | Hy41 - L
and

aZN(xi,LLj) : N(xi+l' “j+1) = N(xi'H’ MJ) 5 N(Xi’ Hj.H) 5 N(xil-"j) .

%O Cens xi)(“‘j-}.] - Hj)

Each half of the p space is partitioned into n/Z intervals, if n is the
angular order. Thus there are n + 1 discrete values of K in spherical ge-
ometry and n + 2 values in slab geometry, to allow the two values of W = 0
that enable TESS to treat discontinuities in the angular flux at slab inter-
faces. Furthermore, the code assumes that the negative and positive halves
of 4 space are partitioned symmetrically. The code also assumes that the

u's are ordered from -1 to +1; i.e., B; = -1. If we define J = n + 2 in slab
geometry, and J = n + 1 in spherical geometry, then the symmetry require-
ment on the “‘j is simply “‘j = —pJ+]_j.

The partitioning of the range of x proceeds by regions inasmuch as
each region of a problem is partitioned into a number of equal intervals
(one or more). The word "region" here and elsewhere in the program
description always refers to some defined portion of the range of x in
which both the width of the x interval and all the material properties
(cross sections, etc.) are constant,

This partitioning of the range of x defines the mesh points x;, and
in the TESS code:

X3 20
and
x) <xj < xppax for 1 < i < MAX,

where x);ax is the upper bound of the range of x, and MAX is the number
of mesh points.

The TESS program solves for all the values of N(x;, “’j) for
1s<i<MAX and 1 <j<7, 5




C. Derivations of Difference Equations

The basic balance equation (Eq. 5) is used to derive the necessary
difference equations by making use of the numerical approximations and the
partitioning descriptions set forth in Sect. II.B above.

With the approximation (Eq. 6), Eq. 5 can be multiplied by 4mx? (in
spherical geometry) and integrated in an interval (xi, X;4;) with respect to
x, and the scattering integral on the right from p = -1 to +1 can be repre-
sented in terms of values of N(xi+l,p.j) and N(xj, u.j) with all values of
j occurring. Without writing the resulting equation, we shall term it Eq. 5'.
Equation 5' can then be used to derive directly the final difference equations
from which are obtained:

Sphere Slab
N(xj, uj) for 1<j = JLZI N(xj, u;) for 1<js< T/2
and and
J+1 j .
N(xj41, bj) for (—5—+ 1) < j=7. N(xj41, bj) for (J/2+1) sj =< 7.
I Slah

The equations for N(xj, k;) and N(xj4;,Hky) are determined by
simply setting u equal to -1 and +1, respectively, in Eq. 5'.

»
The J'/Z - 1 equations for N(xi.H,p.j) for J/Z +1<j=<J are
determined by integrating Eq. 5' in the corresponding interval (uj, uj+l)'

Similarly, the J/2 - 1 equations for N(x;, p.J) for 1 < jsJ/2
are determined by integrating Eq. 5' in the corresponding interval (uj-,, “'j)-

In this manner, J X (MAX - 1) difference equations are obtained
from Eq. 5' and the remaining J equations necessary for solution for all
N(xi, u.j) are obtained from equations that state the boundary conditions.

2. Sphere

The equation for N(xi, K1) is determined by setting ¥ equal to
=l in. By, 5.

The remaining J - 1 equations for N(xj, u.j) for 1<js(J+1)/2
and N(x;,,4j) for (J+1)/2 + 1 <j < J are determined by integrating Eq. 5'
in the corresponding interval (Wj-,, W)
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In this manner, J X (MAX - 1) difference equations are obtained
from Eq. 5' and the remaining J equations necessary for solution for all
N(xi, p.j) are obtained from equations that state the boundary conditions.

Note that the adjoint solution will not in general be identical to
the real solution in spherical geometry since the adjoint solution starts
with b = +1 and proceeds in the direction opposite that of the real solution.
As the width of the angular interval approaches zero, the two solutions
approach the same value. This difference between the real and adjoint
solutions can serve as an indication of the adequacy of the angular description.

3. Boundary Conditions

The boundary condition at either boundary for each neutron group
is expressed by the equation

H‘Ng(xS! U-) = “‘IiAS,gN(XSv ] )(1 -a) i ZBs’g f Ng(x51 u')ul du‘
AV

9
+ Z SL,s,gPL(“) + N'g(xs, w) + orAs,gN(xs“ -p.)] (7)
=0

In this equation,

o 1 for periodic boundary condition, 0 otherwise,

g group number,

s = 1 for a left boundary, = 2 for a right boundary,

and

s' = 2 for a left boundary, = 1 for a right boundary.

The variable p is understood to be the cosine of an angle in the
angular halfspace that is directed into the boundary surface. Therefore, for
Ng(xl,u), 0<ps1;and for Ng(xz, k), -1 Su < 0. The symbol Apg denotes
the p halfspace for fluxes emerging from the surface. The physical meaning
of each term on the right-hand side of Eq. 7 is as follows:

a. If Ag, is some number in the interval (0, 1), then the
fraction Ag , of any flux emerging from the boundary surface will be
reflected back into the surface as if reflected by a perfect mirror. This
Ag,g term in the equation is, for example, used in specifying a perfect
symmetry condition at a boundary by setting As,g = 1. The number As,g
is termed the mirror albedo coefficient.
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b. If Bg,g is some number in the interval (0, 1), then the frac-
tion Bg 5 of any flux emerging from the boundary surface will be reflected
back into the surface isotropically. For example, the current reentering the
boundary surface will be exactly Bg,g times the current leaving the surface
but the angular-flux distribution reentering the surface is isotropic. In the
radiative transport field, such a boundary condition describes a Lambert
surface. The number Bs,g is termed the isotropic albedo coefficient

c. The term

9
z SL,s:gPL(M)
L=0

is simply a Legendre-polynomial representation of an axially symmetric
(no ¢ dependence) source at boundary s for group g. TESS is dimensioned
to handle no more than a ninth-degree Legendre polynomial. For convenient
reference, if St,s,g = 0 for 1 =4, an isotropic entrant flux N(x,u) = So,s.g
will result, and the entrant current in this case will be

2
f d‘Pf So,s,gh du = TSg,5,g-
0

Aug

The user should be reminded that if an anisotropic source
is specified (i.e., sL,s,g ;‘ 0 for some 4 2 1), care should be taken to ensure
that the Legendre-polynomial coefficients for odd values of 4 are of the cor-
rect sign. The source as expressed by the hegendre polynomial defines a
flux distribution for both halfspaces of u, and the flux distribution of an
anisotropic source containing nonzero coefficients for odd 4 values is not
the same in both u halfspaces; i.e., it is not symmetric about u = 0. Tre
user should check to make sure that his polynomial produces the desired
flux distribution in the halfspace u = 0 to 1 when the source is applied at
the left boundary and that the polynomial produces the desired flux distri-

bution in the halfspace u = -1 to 0 when the source is applied at the right
boundary.

d. The term Nj(xg, ) in the boundary condition Eq. 7 aliows
one to apply a known entrant-flux distribution as a source at a boundary.
The TESS program interprets such an input flux distribution in the same
manner as it interprets those fluxes it manufactures; that is, the flux dis-
tribution N! (xs, u) will be assumed linear in each interval of the u half-
space. (These intervals are defined, of course, by the W space partitioning
in which each halfspace is divided into n/2 intervals.) The user specifies
a boundary condition of this kind by defining exactly [(J+1)/2, sphere; or
J/Z, slab] point values of the desired flux distribution at each boundary for
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each group. In this way, output fluxes from a TESS solution can be directly
input to another TESS problem if both solutions have the same number of
angular intervals.

The necessary additional J difference equations that must
be derived from the boundary conditions (for each group) are derived from
Eq. 7 in exactly the same manner as were difference equations derived from
Eq. 5'. Specifically, in spherical geometry at a right boundary (s = 2), the
equation for Ng(xMAX’ u;) is derived simply by setting p = -1. Difference
equations for N(xpfaX: uj) for 1< js(J+ 1)/2 are derived by integrating
Eq. 7 with respect to u 1in the interval (uj_l, p.j). Difference equations are
derived from Eq. 7 for a left boundary by integrating with respect to u in
the interval (Hj-i. Wj) for (T+1)/2+ 1 sjsJ. Before the difference equa-
tions at the boundaries are derived from Eq. 7, the integral over Aug that
appears on the right-hand side is expressed in terms of Ng(xs, uk), where k
represents the indices for the fluxes emerging from the surface.

In slab geometry, at a left boundary (s = 1), the equation for
Ng(xl, p.j) is derived simply by setting u = +1. Difference equations for
N(x;, uj) for J/2 < j < J are derived by integrating Eq. 7 with respect to u
in the interval (p.j7 p,j+1). Difference equations are derived from Eq. 7 for a
right boundary in a strictly analogous manner, except that one equation is
obtained by setting p = -1 and the others are obtained by integrating with
respect to p in the interval (W;_,, u]) Before the difference equations at
the boundaries are derived from Eq. 7, the integral over Aug that appears
on the right-hand side is expressed in terms of Ng(xs, bk) where k repre-
sents the indices for the fluxes emerging from the surface.

D. Method of Solution Used in Each Energy Group

In Sect, II.C above, the difference equations derived for each energy
group from the basic balance equation and the boundary conditions were de-
scribed. These difference equations are J X MAX in number, for the solu-
tions N(xi, u:) must be obtained at every point x; of the x space and at
every point Hj of the u space. As previously defined, the maximum 1i is
MAX and the maximum j is J, hence the need for J X MAX equations.

If the terms obtained from q(x, ) in Eq. 5 (when the difference
equations are derived) remain on the right-hand side and if the terms
obtained from the scattering integral are taken to the left-hand side, the
entire set of difference equations can be conveniently represented in matrix
form as MN = Q, where M is a J X MAX by J X MAX matrix of coefficients,
N is a flux vector with J X MAX components, and Q is a source vector with
J X MAX components,
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The first J rows of M are the coefficients of the difference equations
derived for xj = x; and j = J through 1, respectively. The next set of
J rows corresponds to x,, etc.

The solution to this set of equations is accomplished in three steps.

1. By simple Gaussian elimination, the subdiagonal elements of M
are reduced to zero in the first column, then the second, the third, etc. This
is most conveniently accomplished in the following manner: Let L) be a
unit J X MAX by J X MAX matrix, except for nonzero elements in the first
column, and let L; be such that LiM = M), where M) has zero subdiagonal
elements in the first column. Let L) be a unit J X MAX by J X MAX matrix,
except for nonzero elements in the second column, and let L. be such that
L;M; = M;, where M; has zero subdiagonal elements in the first and second
columns. In a similar manner, one can define L] and M; for 1 SisMAX- L
(Each L} has at most J + 1 nonzero subdiagonal elements in spherical geom-
etry and (3/2)J - 1 in slab or 37 - 1 in slab with periodic boundary condi-
tions, for that is the maximum number of subdiagonal elements that can
appear in any column of M.) Moreover, one can define

L

(Lvax-1LMAX-2 - LsLaLi)

and

U = Mpmax-1-

Hence, L is a lower-diagonal matrix with a diagonal of unit elements and

U is an upper-diagonal matrix with nonzeroydiagonal elements (and no more
than J+1 nonzero superdiagonal elements in any column in spherical ge-
ometry; and (3/2)3’ - 1l in slab and 3J - 1 in slab with periodic boundary
conditions).

Overall storage in the TESS program is conserved by storing
each subdiagonal column of an £‘|i sequentially in a vector 3000 words long,
and storing vectors on tape in as many 3000-word (or less) records as nec-
essary . Likewise, the U matrices are stored row-wise backward in vector
form on tape in 3000-word (or less) records.

After this matrix manipulation is accomplished, the original
matrix equation can be expressed as L'ILI\_AE = I__,'!I_Jlj = Q.

2. The second step is simply to premultiply the Q vector by L, for
it is obvious from the matrix equation that LL™'UN = UN = LQ = P.

3. The third step accomplishes the solution for N (all components
N(x;, 4j) by a back solution using the matrix form UN = P). This is possible
because the last row of this matrix equation is a function of only a single
component of the N vector; namely, N(xMAX, u.J).
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Because the matrix U is an upper-diagonal matrix, each row
can be successively used to compute a component of the N vector in terms
of components evaluated by using the rows below, until, finally, the entire
solution for the N vector is accomplished.

In these three steps the solution is accomplished for the given value
of the Q wvector, which of course depends upon the fixed volume sources,
boundary sources, group-to-group scattered sources, and fission sources
for a given group. If there are no fission sources in a TESS problem (and
no upscattering is allowed), there is no iteration required to obtain the solu-
tion for any number of groups. (The maximum number of groups allowable
in the program is 26.) If fission sources are allowed, the iterations required
are only the outer iterations (common to the usual diffusion-theory solutions)
that are necessary to converge the source distribution which determines,
finally, the Q wector.

Moreover, the L and U matrices need be formed only once for each
group of a TESS problem. Therefore, step 1 is performed for each group
before the first iteration only. The outer iterations after the first proceed
much more rapidly because only steps 2 and 3 are needed to compute the
new N vector.

E. Energy-group Coupling

The TESS program, as already stated, allows up to a first-order
Legendre polynomial representation of the scattering function for scattering
within a given energy group, and down one group. For 4 = 0 scattering,

12 downscatter groups are allowed.

Energy groups are also coupled by fissions which produce source
neutrons simultaneously in a number of groups.

Both forms of coupling are described by the equation for the source
term q(x,u) in Eq. 3. The source is assumed to be isotropic, except for the
4 = 1 scattering-in and down-one source, and in any group g the isotropic
component source is given by

_ Xg & ;
4 (x) = 4n Z B x)Fm(x) + Il Z Vi ZF v (26) W (G0) B0 Sg(x)
m=1

particles

cm?® sec steradian’ (8)
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By definition,

g-1
1
aglx k) = aglx) + 3= 3 ITheg(xuI(x),
m=1
e particles
pon) = [ [ ) o ag T
sec

0 |

where F,,(x) is the usual scalar flux, and

2T Al
Ui (o) =/ f uN(x, ) du do = scalar current.
0 -1

F‘;,n(x) = Fyu(x) as calculated in the previous outer iteration. (In a first
iteration, a source guess is used directly rather than a flux guess.)

E;’.n_.g(x)(cm'l) is the £ = 0 cross section for the scattering of neutrons
from group m to g. (As noted, m < g, and Zm_.g(x) is
constant with respect to x in each region.)

}_,“l (x)(cm ') is the 4 = 1 cross section for scattering neutrons from
m to g.

Xg is the fraction of fission neutrons released in group g.
G
<Normally, Z S l) .
g=l

is the number of neutrons produced per fission by neutrons
absorbed in group m.

Ym

\)me,m(x)(cm'l) is the fission cross section for neutrons in group m multi-
plied by the number of neutrons per fission.

G is the total number of groups. G < 26 in the TESS program.

A' is equal to unity in those problems that are not eigenvalue
problems. During the outer iterations of an eigenvalue
problem, it is the computed eigenvalue from the last
iteration.

Sg(x) (particles/cm? sec) is the fixed volume source for group g.
It remains constant throughout any problem, but it can be
given pointwise as a function of x.

The fixed source S (x) is assumed linear in x in any interval (x;, Xj4+1), the
cross sections are constant in each region, and Fg(x) is linear in (xj, Xj+1),
so that gq(x) is also linear in the same interval. Hence, assumptions with
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regard to the source generated by downscattering, fissioning, and fixed
volume sources are consistent with the assumptions made in deriving the
difference equations from Eq. 3. The TESS program properly allows for
discontinuity (or double values) of the sources defined by Eq. 8 at all region
boundaries in slab geometry.

F. Integrated Balance Formulas

TESS, as output, computes balance data for each group and each
region according to the following formulas for spherical geometry:

1 1
Net leakage = 4nx§{ [anl Ng(xR, [ du:| -4nxi [Zﬂfl Ng(xL, M dp,]

where xp, is the value of x at the left boundary of the region and xp is the
value of x at the right boundary,

XR G
: ) 2
Absorptions = 41'rf Tt,g- Zso,g " Z zg—'m x Fg(x) dx,
X1, m=g+1

R
Fixed-source production = 4n/)( Sg(x)xz dx,
I
and

s
R
. Fission-neutron production = 4—;[ ngf’gFg(x)xz dx,
=L
Similarly, in slab geometry,

1

1
Net leakage = 2m |:--/:1 Ng(xL, pu dp +«[-1 Ng(xR, M du.] ;

X

R G
Absorptions = f <zt,g - Zs0,g " Z Zg_.m> Fg(x) dx,
X1, m=g+1

. xR
Fixed-source production =f Sg(x) dx,
x
L
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and

e ¥ i
Fission-neutron production = K/X ngf'gFg(x) dx.
x
L

In these final balance formulas, the F (x) and the A used are those
of the same iteration that is being edited. Therefore, the balance will be
imperfect to the degree that there is lack of convergence in the outer iter-
ations when:

a. A =1 and the problem is not an eigenvalue problem, but there
are fissions (some zf,m is nonzero).

b. The problem is an eigenvalue problem and the total fission
source production is correct, but (because of lack of convergence in the
scalar-flux distributions in space and energy) the production in a given
region and group will not equal the losses.

G. Integration Formulas

Since the angular flux and angular adjoints are available from a
particular problem (when so requested), there is no reason why the integral
of the product should not be computed "exactly." The product integral would
be "exact" to the extent that the angular flux and adjoint can be represented--
as TESS in fact does--by bilinear functions of space and angle. Let f and g
be the angular flux and adjoint, respectively, and each is assumed to be
bilinear in r and p, that is, =
£(rit1, uj) - £(ri, uj) (=) + f(ri, bj4) - £(ry, b5)

o M . Hi+1 = B

f(r,u) = f(rj p3) + (4 - 3)

3 f(ri+l' ujH) e f(ri+1- U'J) g f(ri: uj+]) 0.4 f(ri, HJ)
(ritr - Ti)kj - 0j)

(= ri)(H = uj),

rj ST Srjy and Wi p S pj4, (9)
where the energy dependence has been omitted.
The product f(r, p)g(r, p) is quadratic in r and p and is fairly

lengthy. However, the integral of the product over both angle and space
can be written fairly simply. It is
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R pom I-1 Arj /2
f f f(r, p)g(r, b) dp dv = 3 — {eti Z [blj(filjgi‘j+fi’Jl.j+|gi‘Jl_j+l)
& g i=1 j=1

+ 22 (8 5815+ 1,180, 54 65,0038, 31 B e a8, 01 ) B3I g “i.Jl-J'gi,Jl-j)]

ali R
1 =) [bli(fm.jtli,j+fi+1,J1-j+x8i,Jx-j+x)
j:l

b2j

> (F541,54184,§  fid1, 381, 541 Lk, 31384, T1- 51 ik, T1- 54184, 31-5)

e

. n/2z

v a2i g
b3J(fi+1,j+lgi,j+1+fi+l,Jl-jgi,J1-j)] g [le(fi,jSm,j+fi.Jl-j+18i+l.Jx-j+x)
=

e

b2;
_ZJ (£, 5418141, 11,3841, 501 i, T1- 381k, - L, T1- j18i4, T1-5)

5

n/2

b3j(fi,j+1gi+1.j+l+fi.Jl-jEi+l.Jl-j)]+ a3i ) [blj(fiﬂ,jgiﬂ,j+fi+1,Jl-j+1gi+l,J1-j+l)
j:l

e

+

b2i
5 (fig, j18i4, +Hidn, j8i, i1 HHibr, T1-38i41, Ti-j+1 +fitn, J1-ja8i4r, J1-5)| (10)

where the r and p dependence are implicit in the subscripts, and
2
blj = b2j = b3j = = Au;,
3 d
DRy = i - K
n = number of angular intervals,

= 2
J1 = number of angular points ( e bt ).

= n + 1 for sphere

I = number of space points over which the integration is being
performed,

Arj = Tip - 1y,

and
Slab Sphere Cylinder
¥ 2T /2 m
ali (80 5 Tt 3ri+lri+6rf) > (ri+1+3ri)
2i 2n 2 . 2
a2i 1.0 3 (3ri+1+4ri+lri+3ri) m(rjq +1y)
: TT m
@3i 1650) 5 (6rf+l+3ri+lri+riz) 2 (3ri41+13)
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Integration of the scalar product is similar and is obtained by sub-
stituting the appropriate scalar products in place of the summations over
angle in Eq. 10.

In cylindrical geometry, the coefficients for Eq. 10 are

9 ij(l +2 cos? q:j“) - (cos Wjﬂ)(} sin P51~ 4 sin j) - cos 9; sin @5

(cos @j41 - cos coj)z

424 = -Aw"(l +2 cos ®j4) cos qaj) + (cos q;jH)(sin P54 - 2 sin cpj) + (cos wj)(l sin D541 - sin wj)

(cos ;4 - cos wj)z

and

] Atpj(l +2 cos? cpj) - cos wj(‘l sin D541 - 3 sin cpj) + cos 9y sin Pj+1
(cos ®j41 - cos wj)z :
where ¢ is the azimuthal angle.

Note that the current version of TESS does not have a cylindrical-
geometry option.

H. Cross-section Homogenization

The flux and bilinear weighting schemes incorporated in TESS are
based on the theoretical development by Nicholson.® The theory is predi-
cated upon the idea that the system in question, either slab or spherical, is
made up of repeating cells which are themselves of slab or spherical geom-
etry. The cross sections of the cell composition may then be spatially
averaged over one cell, or collapsed over energy, or both. This can be
done using. either bilinear or real-flux weighting. The resulting homogenized
cross sections would then typically be used in an ensuing homogeneous cal-
culation over the actual dimensions of the system. There are actually three
different bilinear weighting options in TESS as well as three real-flux
options. One of each trio is more correct for cases where the entire sys-
tem is a sphere (or a cylinder that has roughly equal height and diameter);
a second is better for a slab; and the third is preferable for any system in
which the leakage is predominantly parallel to the plates.

Following are the expressions used for bilinear weighting of the total
cross section, the isotropic scattering cross section, the fission cross sec-
tion (averaged together with the fission spectrum x and the number of neu-
trons per fission v), and the first-order anisotropic scattering cross section,
respectively:
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- c'f Q)T
<z>G_4MG ffande , Q)Zg(INE(x, 0)
dNSt(x, q)
PR z f/dndVN(xn) —gr, (11)
4nVnGg in G
(sishig = L. Z Z fffdv dn 4o NE*(x, o)z;;( NS (x, '),
16m*VNG ¢ in G jinJd (12)

{xvZg) 2 Z Z ff/dv dQ 4Q' Ng*(x,(z)xg szJ( )Njc(x, ),

IG  16n*VNg g G jTn T (13)
and

(>:I>JG B Z de o (x) fdQ IulNC*x Q)

4m*VNG g In G j 1n i

fdﬂ' o NS (x, @), (14)

where

= va Z /fdﬂ dav Nc*x Q |u|NC(x Q). (15)

ginG

The angular flux Nc(x Q) and adjoint NE*(X Q) must be normalized

as follows:
defdQNCxQ o=l (16)
gmG

de /dﬂ ch(x M=l (17)
gin G

In these expressions, g is an energy group in the Gth homogenized
energy group, V is the volume of the cell (actually just the thickness since
the code is one-dimensional), and W is the direction cosine of the angular
flux. The integrals over volume are integrals over the thickness of the
cell; most of the weighting options in TESS work onlv in siat &

LW
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The homogenized cross sections, as given by Eqgs. 11-15 are for
bilinear weighting appropriate to a case in which the final homogeneous sys-
tem is in slab geometry. One gets this weighting by setting the output option pa-
rameter NOT equal to 8. If the system in which the cell-homogenized cross
sections are to be used is "pseudospherical,” Nicholson's theory predicts
that one gets slightly better results if |u.| is replaced in Eq. 15 by 1/2. This
occurs for NOT = 5. However, if the system is such that the neutron leakage
occurs primarily in a direction parallel to the plate structure, the recom-
mended option is NOT = 10. In this mode, the only change is that in Eaias
for NG, |u| is replaced by (Z/rr) 1=k

Similarly, the flux weighting formulas follow from Eqs. 11-15 merely
by setting Ngr equal to urity, and in addition (in Eq. 15) only |p.| = l/Z for
pseudospherical final geometry or |u| = (2/n) v/1 - 4% for leakage parallel
to the plates. Note that for any of the flux-weighting-only options, the second
term in Eq. 11 for the total cross section vanishes.

The integrations necessary in calculating the homogenized cross
sections follow the assumptions of Sect. II.G above, that both the flux and
the adjoint are bilinear functions of space and angle. Thus any product of a
flux and an adjoint, each of which is of no higher order than linear in space
or angle, would be integrated exactly

The fission matrix given by Eq. 13 is in fact a full matrix, dependent
upon both j and G in a nonseparable manner. From this, TESS calculates
two more conventional quantities,

vyZy = Z <x\)2f>JG
G

and

= <XV2f)JG

NG T Ny
On the assumption that the fission spectrum depends but weakly on the
energy of the neutron causing the fission, TESS is programmed to handle
a fission-spectrum vector only. Nevertheless, the bilinear weighting
prescriptions in TESS will produce a y-matrix in which the columns (labeled
by J) will not be identical, although in practice they are very nearly so.
Since TESS is incapable of using a y-matrix, for each homogenized region
the x-vector for the energy group with the greatest production of fission
neutrons is chosen. In case the homogenized cross sections are to be used
in a code that can handle an energy-dependent fission spectrum, TESS
punches out both the x-matrix and the selected y-vector, in XLIBIT format
only (MIK = 2). Regardiess of the output-punch option, the energy-dependent
g ©' " ys included in the printed output.
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I. Buckling

TESS has provisions for treating leakage as either a "source" modi-
fication or a "sink" modification. In the former, the source term for each
energy group (take group g, for example), including the in-group scattering
source, is multiplied by the nonleakage factor

. " B
gt (DBY)g

where I, is the total macroscopic cross section for group g, and (DBZ)g is
the leakage appropriate to that group. The source modification can be used
only in slab geometry, and DB? must be input one value per group. There
is no provision for DB? to be region dependent. This leakage treatment
was devised by Arne P. Olson.

The sink modification can be used in either slab or spherical geom-
etry and treats DB? as a fictitious absorption cross section,

BZ
Bt e
t t 735

This increase to the total cross section is made in every group. Here, B?
rather than DB? is the input quantity, and may be a single value, group
dependent, region dependent, or both group and region dependent. After the
flux-iteration sequence has converged, the buckling correction is subtracted
from Z¢, returningthe mixture total cross sections to their original values.
The buckling correction is made at the mixture level, so material (or group
and material)-dependent bucklings must be entered in addresses correspond-
ing to the appropriate mixture numbers, not isotope numbers.

Investigation is going on at the time of the writing of this report con-
cerning the relative merits of the source and sink treatments of the buckling.
The only result so far is that for a theoretical slab reactor with leakage
perpendicular to the plates, the cell calculation using the source method
gave a kegf that was somewhat closer to the exact value for the system.

For most purposes, either method is probably quite accurate, considering
the uncertainty in the buckling values one uses.
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III. OUTER-ITERATION AND CONVERGENCE CYCLE

A. Source Iterations

Three classifications of problems may be run with the program:

Type
A Fissions No fixed or boundary sources
B No fissions Fixed or boundary sources
(] Fissions Fixed or boundary sources

Problem types A and C require outer iterations. Problem type B requires
no outer iterations.

The fission density at a point is defined as

G

FDi = z (Fm'i\)mzf,m'i) (18)
m=1

for the real solution; and, for the adjoint solution,

G
FD{ = ) (F} ixm,i (19)
m=1

where the i subscript denotes values at the p.oint -

In the problem type A, at the beginning of each iteration, the fission
density is normalized so that its integral over the fissionable volume is some
input value, FAC. The outer iteration begins with the solution for the group I
fluxes at all spatial points. The code then solves for all flux values in the
second group, using the recently obtained values for the first group flux for
the scattering-in source. Finally, the last group fluxes are computed. The
adjoint solution starts with the last group and works up to the first. Then

new values of the fission density are computed, and the eigenvalue is defined
as

fFde
A's =FAC -

The fission density is then renormalized by dividing each new value by A.
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At this point a test for convergence is made. The problem may be
made to converge pointwise on fission density or on the problem eigenvalue.
If eigenvalue convergence is desired, the test is as follows:

Ak = Ak-1 (For problem type C, A represents the (20)
Ak el e integrated source from fissions.)

where k indicates the present iteration and e is an input quantity (EPS1).
If pointwise convergence is desired, each point value of the normalized
fission density for a given iteration is divided by the respective normalized
point for the previous iteration. Let Erﬁax be the maximum value of this
ratio and Ep,in the minimum value of this ratio. Then the test is

E E

max -~

min
S8 21
= € (21)

max

Fission-density extrapolation at each point x; may be applied after
the third iteration, by one of two possible procedures. A linear extrapolation
of the following form can be used

ED; 1o = ¥D; 1(1+8) - 8FD; 3.,

where k indicates the iteration index and 6 is an input value. Experience
has shown, however, that a bad choice of 8 can be worse than no extrapola-
tion, especially for large systems. Therefore, a Chebyshev polynomial
extrapolation procedure, which determines optimum extrapolation param-
eters, is used, unless the code user desires something else. This code uses
the Chebyshev extrapolation subroutine developed for one-dimensional
diffusion-theory codes by Putnam® and is based upon the procedure developed
for PDQ-5.”

B. Search Iterations

The search process consists of the search routine modifying either
a concentration (JSP = 1) or a zone thickness (JSP = 2), followed by a series
of outer iterations to converge the flux or fission density or both. Any
series of outers can be terminated in three different ways: (1) The con-
vergence criterion EPSI is satisfied, (2) the limit on the number of outers
for a given search cycle, KIT1, is reached, or (3) the limit on the total
number of outers for the problem,ITOUT, is reached. In the event of (3),
the problem is terminated; in the event of either (1) or (2), the search
routine is reentered unless the current value of the eigenvalue differs from
SEN by less than EPS3. In the latter case, if (1) is true, the problem is
finished; if (2) is true, the limit KIT1 is ignored and the outers continue until
either the problem is converged or |)\ - SEN| is no longer less than EPS3,
which causes immediate transfer to the search routine.



After the search routine has used the second guess (SGES) input by
the user, subsequent guesses for the search parameter are generated using
quadratic interpolation based on the three most recent values of the search
parameter. If interpolation (or extrapolation) sends the parameter to zero
or negative, an alternate guess is generated by dividing the smallest of the
values used in the interpolation by 5.0.

The user should be cautioned at this point that transport-theory
searches are expensive. It is usually advisable to run perhaps three change-
case problems that will bracket the dimension or concentration desired,
interpolate to obtain the parameter desired, and then run a fourth case to
confirm the choice. If the search option is used, care should be exercised
to allow a sufficient number of source iterations so that the eigenvalue is
reasonably converged before the parameters are changed. Otherwise, bad
guesses can be generated, thus requiring much excess computer time.

For the dimension search, the input includes the region number of
the region whose thickness is to be varied (KREG). For the concentration
search, three quantities should be entered:

1. An index to indicate the material concentration to be varied
(NSOSs).

2. An index to indicate the material concentration to be used as
"filler" or "diluent" (NFOS).

3. A search ratio (RR).

Let N; and N, be the volume fractioms or atom densities of the
search material and the filler material, respectively, according to the initial
guess--i,e., as input in the CONC vector. Let Nj be the second guess for
the search parameter (SGES). The code finds the corresponding second
guess for the filler concentration or volume fraction, N3, by solving

N‘z = Nz - RR X (Ni = Nl)‘ (22)

Therefore when the N's are volume fractions and the total volume
is to be kept constant (i.e., N; + N, = N} + N} = constant), RR = 1. How-
ever, when the N's are atom densities, the value of RR that preserves the
total volume is given by solving

P24,
RR = ——, 23
P12 #

where p; and p, are material densities and A; and A, are atomic weights.

The same procedure is repeated to generate the new value of filler
atom density or volume fraction each time the search routine is entered.
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IV. S INPUT
There is a minimum of three main sections of input for eachproblem:

1. Alphanumeric card.

2 Fixed-point data.

< Floating-point data.

4. Optionally, cross-section tape element names.

5 Optionally, reaction-rate element names and cross sections.

The input format has been constructed for a maximum change-case
and serial-case capability, a minimum number of input cards, and a thorough
input-error check. (A change case is a problem that is the same, except for

minor changes, as the one preceding it in a set of problems run serially on
the computer.) Each section of input will now be described.

A. Alphanumeric Card (change-case option)

The alphanumeric card may contain any desired alphanumeric infor-
mation in columns 1-72 and a two-digit test in columns 73-74. A one in
column 1 will start all printouts at the top of a new page.

The two-digit entry in columns 73-74 is used to tell the program
whether a change-case problem follows. If columns 73-74 contain 88, any
homogenized cross sections computed in this problem will be stored for the
next problem. If columns 73-74 contain any other two digits, then any
homogenized cross sections generated in the present problem will not be
saved in memory for succeeding change-case problems.

If columns 73-74 contain 99, all the input area of memory will be
zeroed out before reading the input for the present case.

The alphanumeric card must always be physically the first card in
every case.

B. Card Format for Fixed-point Data

The card format for the fixed-point data is as follows:

Card columns 1-2 Number of pieces of data on this card (right-
adjusted*): 1 s No. < 20,

Card columns 3-6 Nonzero: This is the last fixed-point data card.

Zero (or blank): This is not the last fixed-point
data card.

*Right-adjusted means that the last significant digit of a numberis positioned in the card columns at the
extreme right of the field,




Card columns 7-12 Address of first piece of data on this card (right-
adjusted).

Card columns 13-15 Up to 20 pieces of integral data (each right-
16-18  adjusted) in I3 format.
19-21, etc.

Section IV.F below contains the addresses, identification, and explanation of
the fixed-point data.

C. Card Format for Floating-point Data

The card format for the floating-point data is as follows:

Card columns 1-2 Number of pieces of data on this card (right-
adjusted): 1 < No. < 5,

Card columns 3-6 Nonzero: This is the last floating-point data card.

Zero (or blank): This is not the last floating-point
data card.

Card columns 7-12 Address of first piece of data on the card (right-
adjusted).

Card columns 13-24 Up to five pieces of floating-point data in E12.6

25-36 format.

37-48

49-60

61-72

L

Note: The floating-point data format may be illustrated by the following
examples, all acceptable, for the number 3.1415927:

L e e ek S Xa BET Ul SRR LR
3 L9 2:9. -+ 0 0
3 1 4159 3 E+ 0 0
3 s 2.3 D 4 O
3 5 1 P Fhe Gt gkt et S PR |

g3 1 A si9. 2 T 3 2
(b) 3 s g @O i g
B Ny 2 2B o~ 01
3 TS E-92 7 0" () (b)

(b) indicates blank

Section IV.G below contains the addresses, identification, and explanation

nE R E ST eata,
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D. Optional Cross-section Tape Information

If MMIX (fixed-point address 16) is nonzero, the program expects
additional information after the last floating-point data card. In general,
this is only required for the first case of a series unless MMIX is set non-
zero in a change case, because the program sets MMIX = 0 during the
first problem.

There will be one or two cards depending upon the value of MMIX.
The card formats are as follows:

a,  Card |l
Card columns 1-5 Alphanumeric cross-section set identification--
must be the same as on the tape.
Card columns 7-12 Up to 11 alphanumeric material names--must be
13-18 the same as on the tape.
19-24, etc.

b Card 2. If more than 11 elements are requested, the second
card is required.

Card columns 1-6 Alphanumeric material names.
7-12, etc.

The code limitation of no more than 20 isotopes from tape is not as
restrictive as it might seem. One can form macroscopic mixtures and then
read more cross sections on a succeeding change case, thus utilizing repeat-
edly memory locations that do not contain mixture cross sections that must
be saved for the neutronics calculation.

Note: There must be a one-to-one correspondence between this list of

materials requested from tape and the NTMIX vector (fixed-point addresses
166-185).

This program will read only cross-section tapes that are in the
XLIBIT format.'? If the tape contains scattering cross sections for 4 > 1,
the total £ > 1 values are subtracted from I, and Zs,g"g (4 = 0) for a
pseudotransport correction.

The code cannot handle energy-dependent fission spectra, and if the
tape contains it, the job will be rejected. Also, if the tape contains down-
scatter information for more than 12 groups, or for more than one P,
downscatter group, this will be ignored, and a message will be printed out
indicating the materials having too many downscatter groups.
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E. Optional Reaction-rate Material Names and Cross Sections

If, and only if, NRATE (fixed-point address 225) is nonzero, the
program expects additional information after the cross-section tape infor-
mation. This additional information consists of two parts; the first gives
the names of isotopes for which reaction rates are desired (NRATE names),
and the second part is cross sections.

The reaction-rate isotope names are input on one or more cards in
(12A6) format. If an isotope name corresponds with a tape name, the capture
and fission cross sections from the tape will be read in for that isotope.
Note that the cross-section tape is read after the input deck.

If NRATE is negative, the reaction-rate cross sections are read in
floating-point format (see Sect. IV.C), with the last card having a nonzero
value in columns 3-6, The addresses are as follows:

Address

1-26 Fission cross section for isotope 1, groups 1-26

27-52 Fission cross section for isotope 2, groups 1-26

625-650 Fission cross section for isotope 25, groups 1-26
651-676 Capture cross section for isotope 1, groups 1-26

b6T7-=702 Capture cross section for isofope 2, groups 1-26

1275-1300 Capture cross section for isotope 25, groups 1-26

If NRATE is not negative, the second part (cross sections) referred
to above does not appear.

If reaction rates are desired for isotopes for which the cross sec-
tions are read from a tape, the reaction rates must be requested in the same
problem in which the cross sections are read from the tape. (This is true
even if the reaction rates are desired only in a later change-case problem.)
If this is done, and NRATE is not changed in subsequent change-case prob-
lems, the reaction rates for the isotopes requested will be calculated in the
initial problem and in all following change-case problems. The program will
not calculate reaction rates if NRATE is zero in the problem in which the
cross sections are read from a tape, then is set to some number greater
than zero in a later change-case problem.
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F. Input Instructions for Fixed-point Data

Fixed-
point Name
Address  (dimension)

1 MAX
2 JIMAX
3 NGR

4 N

5 NDS

6 NPS

@ NOT

8 ITOUT
B, LCO

10 MIK

Explanation
Number of space points 3 < MAX < 150
Number of regions 1 < JIMAX < 40
Number of groups 1 < NGR < 26
Number of angular intervals N = 2,4,6,8,10,12,14,16,18,20

Number of £ = 0 downscatter groups 0 < NDS < 12

Number of £ = | downscatter groups 0 < NPS <1

Output control = 0, eigenvalue, scalar fluxes, fission density.
= 1, output for NOT = 0 plus neutron balance.
= 2, output for NOT = 1 plus angular fluxes.

= 3, output for NOT = 2 plus iteration fission densities.

= 5, output for NOT = 2 plus perturbation integrals, both
flux and adjoint calculations are done automatically,
homogenized cross sections are bilinearly weighted
without "u-weighting."

n

6, output for NOT = 5, except that no adjoint calcula-
tion is done and the homogenized cross sections are
flux weighted (without "u-weighting") only.

7, same as NOT = 6, except that the homogenized
cross sections are flux weighted with "u-weighting."

= 8, same as NOT = 5, except that the homogenized
cross sections are bilinearly weighted with
"Ww-weighting."

= 9, same as NOT = 6, except that the homogenized
cross sections are flux-weighted with "4/l - u!

weighting."

= 10, same as NOT = 5, except that the homogenized
cross sections are bilinearly weighted with " V1 - u?
weighting."

= 12 | same as NOT = 6, except that no flux or adjoint
= 13 | calculation is done. The fluxes and adjoints are
= 14 [(assumed to be stored in memory from an earlier
= 15| problem.

Maximum number of outer iterations; initially set to 50 unless read in.
If ITOUT = 40, one gets in addition a great deal of extra printout from
the homogenization routine. If ITOUT = 0, no outer iterations are
performed.

Fission-density convergency option:
= 0, pointwise convergence
= 1, eigenvalue convergence
Cross-section punch option:
= 0, no punch
= 1, punch in TESS format
= 2, punch in XLIBIT format (see Sect. IV.H.3)
= 3, punch both TESS format and XLIBIT format




Fixed-

point Name
Address  (dimension) Explanation
11 LPG* Fission-density guess option (see Sect. III).

Problem type A = 0, flat guess, integral normalized to FAC.
= 1, input guess, integral normalized to FAC.

= 2, guess from previous problem, integral normalized
to FAC.

Problem type B = ignored.

Problem type C = 0, zero guess.

"

1, input guess, not renormalized.
= 2, guess from previous problem, not renormalized.

*Note: Search problems will leave LPG = 1, so change-case problems following a searchproblem
should usually have LPG as input. For an adjoint calculation, the code internally gives itself a flat
guess, ignoring LPG, because a flat guess is about as good as can be done for an adjoint calcula-
tion. Thus, setting LPG = 2 is advantageous when a real-flux calculation follows a similar real-
flux calculation having the same number of mesh points. Whenever NOT > 10, POWR is zeroed;
therefore, if a real-flux calculation follows, LPG should not be 2.

12 IDP Input-print option
= 0, print input.
= 1, do not print input.
13 MUTEST Angular-interval option
= 1, equal intervals in cos 8.
= 2, equal intervals in 8.
= 3, read in.
14 JSP Search option = 0, no search.
= 1, concentration search,

a »
= 2, zone thickness search.

15 NMIX Number of words needed to specify mixtures 0 < NMIX < 40 (see MIX
and CONC).
16 MMIX Number of elements desired from cross-section tape.

0 < MMIX < 20. This is set to zero by the program after the cross sec-
tions for the first problem have been read in, but can be changed by
subsequent change-case input, if desired.

17 KREG Region number for zone thickness search (JSP = 2).

18 NSOS Position in mixture vector (MIX) of search concentration (JSP = 1),

19 NFOS Position in mixture vector (MIX) of diluent concentration (JSP = 1). If
NFOS = 0, no diluent.

20 KIT1 Index to determine maximum number of outer iterations per search
iteration.

21 IBUK Buckling-input option

= 0, no buckling input.

= 1, buckling material- and group-independent (one
value).

= 2, buckling material-dependent (up to 25 values).

= 3, buckling group-dependent (up to 26 values).

4, buckling group- and material-dependent.

= 5, group-dependent DB? values input, modified source
leakage treatment used. (IG = 1, only.)



40

Fixed-
point
Address

22

23

24

25

26-65

66-105

106-145
166-185

186

187

188-197

198-223

224
225

250

Name
(dimension)

MADJ

MFR

IEXOP

11(40)

MIR (40)

MIX(40)
NTMIX(20)

NHGP
NHREG
LHREG(10)
LHGP(26)

LFREG
NRATE

ISKIP

Bxplanttion

Adjoint Option = 0, real-flux calculation only.

= 1, adjoint calculation only.

= 2, both flux and adjoint calculation.
(If NOT = 5, 8, or 10, MADJ is set = 2 internally.)
Periodic-boundary-condition option

= 0, no.

=1y yes.
Geometry indicator

= 1, &lab;

=205 aphere,

(If IG is negative, the output will include a checkout dump of tremendous
proportions.)

Fission-density extrapolation option
= 0, Chebyshev polynomial extrapolation.
= 1, no extrapolation.
= 2, linear extrapolation.
Upper-point index for each region (IMAX values)
1 < II(J) s MAX, J = 1, IMAX
() < (I +1)
Material number in each region (JMAX values)
1 < MIR(J) s 25, J = 1, JMAX
Material numbers to specify mixtures (NMIX values) (see CONC).

Material numbers corresponding to tape-element names in a one-to-one
correspondence (MMIX values).

Number of homogenized groups (only applies if NOT 2 5).
0 < NHGP < 26

Number of homogenized regions (only applies if NOT 2 5).
0 < NHREG s 6

Last problem region in each homogenized region
(NHREG values)

Last problem group in each homogenized group
(NHGP values)

Material number of first homogenized region to designate addresses for
storing and punching homogenized cross sections; 1 < LFREG = 25.

Number of materials for which reaction rates are desired. If negative,
some cross sections will be read in with the input data (see Sect. IV.E).

Problem Skip Option; if ISKIP # 0, the problem will be skipped; how-
ever, all input printing and checking and cross-section mixing are done.
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G. Input Instructions for Floating-point Data

Floating-
point
Address

1

® N o v BN woN

0

10-49
50-699

700-1349

1350-1999

2000-2649

2650-3299

3300-9149

9150-9774

9775-10424
10425-10476

10477-10528

10529-11048

Name
!dimenl ion!

EPS1
Not used
EPS3
FAC
THETA
SEN
SGES
RR

XIN

DELR(40)
SIGT(26,25)

SIGS(26,25)
SIGS1(26,25)
VUSIG(26,25)
CHI(26,25)
STR(234,25)
STR1(25,25)

VINV(26,25)
ALPHA(2,26)

BETA(2,26)

GAMMA(10,2,26)

Explanation

Convergence criterion on fission density,

Convergence criterion for search calculations.
Fission-density normalization factor. Set = 1.0 if not read in.
Power-extrapolation factor (only applies if IEXOP = 2).
Desired value of eigenvalue for search problems.

Second guess for search parameter (AR or CONC).

Search ratio, for concentration searches to preserve the sum of
volume fractions of fuel and diluent (see Sect. IOI.B).

Radius at left (inner) boundary; assumes XIN = 0 for sphere.
XIN must be 2 0.

Value of AR for each region (JMAX values).

Total (or transport) cross section by group and material (see
Appendix A).

Zero-moment nondegrading scatter cross section (see
Appendix A).

First-moment nondegrading scatter cross section (see
Appendix A).

Fission cross section multiplied by number of neutrons emitted
per fission (see Appendix A).

Relative portion of fission spectrum emitted in each group for
each fissioning material (see Appendix A).

Zero-moment group-transfer cross sections (maximum of
12 downscatter groups) (see Appendix A).

First-moment group-transfer cross sections (maximum of
one downscatter group) (see Appendix A).

Inverse velocity for each group and material (see Appendix A).

Mirror-albedo coefficients by boundary and group (initially
set = 1.0, 1.0 for slab or to 1.0, 0.0 for sphere by the code).

10425, 10426; group 1 (left, right).

10475, 10476; group 26 (left, right).

Isotropic-albedo coefficients by boundaryandgroup. BETA = 1.0
Causes every neutron striking the boundary surface to be re-
flected back isotropically. A value of BETA = x will in general
cause the reflected current to be equal to y times the outgoing
current, and the reflected flux is isotropic.

Legendre-polynomial coefficients for a diffuse boundary source,
by degree (0-9), boundary, and group. To obtain the same
angularly shaped source with respect to directions into the
medium at both boundaries, the odd coefficients should be of
opposite signs.
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Floating-
point Name :
Address (dimension) Explanation

11049-11620 DELTA(22,26) Fixed-boundary fluxes by angular point and group.
11049: fixed right-boundary flux, group 1, p = -1,

1]049 + N/Z fixed right-boundary flux, group 1, p = o
11050 + N/2: fixed left-boundary flux, group 1, u = 0.

11049 + N + 1: fixed left-boundary flux, group 1, 4 = +1.
11621-11642 EMU(22) Values of cosines of the angles for each angular point starting
with -1.0. In slab geometry there must be N + 2 values (two
= 0 values), and in spherical geometry, N + 1 values
(one p = 0).
11643-11682 CONC(40) Material atomic densities or volume fractions for cross-section
mixing, by position (NMIX values).
Example: Form three mixtures: MAT 1 = X, * MAT 2 + X, * MAT 3,
MAT 6 = X3 * MAT 10 + X4 * MAT 15 + X5 * MAT 20, and
MAT 25 = X4 * MAT 1 + X; ¥ MAT 5.
Then NMIX = 10, and the MIX and CONC vectors would contain
the following values:

Position 1 2 3 4 B 6 i 8 9 10

MIX 1 G B abth.. 10, - 15 cuzDREPs SN
CONC 0 Ky Foo it o R M

11683-11871 POWRI(189) Fission density guess by source point (2 at each interface).

11872-12521 BUCK(26,25) Optional Buckling Specification.
IBUK = 1: Enter one value of B?in 11872,
IBUK = 2: Enter one value for each material, starting in 11872.
IBUK = 3: Enter one value for each group, starting in 11872.
IBUK = 4: Enter by material, and for each material, by group.
Material 1, group 1, goes in 11872; material 2,
group 1, in 11898; etc., down to material 25,
group 1, in address 12496,
IBUK = 5: Enter one value of DB? (not B?) for each group
(NGR values), starting in 11872,

12522 SVM(189,26) Fixed volume source by point and group (two at each interface).

H. Additional Notes on Input

1. Ax Criterion (DELR, floating-point address 10)

Each region must have a positive Ax specified. A negative or
zero value causes an error indication to be printed and the job to be
terminated.

The criterion for choosing the proper Ax; values in each region
depends upon the ratio of the nondegrading scattering cross section to the
total cross section and on the order of the approximation. The physical
exponential attenuation of the angular flux over each Ax interval is approxi-
mated according to the linearity assumption by a function of the form

- x/2
1 +x/2°

e™ X ~
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The Ax's in Table I have been chosen so that the angular flux
neighboring the p = 0 flux does not go negative due to this approximation.
The criterion is derived using this flux since it has the greatest amount of
material to traverse per interval. Negative fluxes might still occur due to
anisotropy in the angular distribution coupled with the linearity in u that
is assumed. In the latter case, a higher angular approximation should be
tried.

TABLE I. Maximum Recommended Meéh-interval Sized
(Ax in mean free paths)

zs-xo/zt

n 1 0.8 0.5 0.1 0

2 2/3 5/9 4/9 20/57 1/3
4 2/9 5/24 4/21 20/117 1/6
6 2/15 5/39 4/33 20/177 1/9
8 2/21 5/54 4/45 20/237 1/12
10 2/21 5/69 4/57 20/297 1/15
12 2/33 5/84 4/69 20/357 1/18
14 2/39 5/99 4/81 20/417 1/21
16 2/45 5/114 4/93 20/477 1/24
18 2/51 5/129 4/105 20/537 1/217
20 2/57 5/144 4/117 20/597 1/30

@This table is an expansion of a similar table in Ref. 2.
The values in Table I may be coffsidered as "very safe" and
usually may be increased at least by a factor of two in regions where the

transport is unimportant and/or there are large fixed sources.

2. Additional Boundary-condition Information

The user may specify any number for either the mirror or
isotropic albedo coefficients; however, if the sum Ag g + Bg,g at any sur-
face in any group is greater than 1.0, then the returning current will be
larger than the exit current. Such a situation is usually physically unreal-
istic, but in certain problems a surface albedo greater than one is a valid
representation. For example, a thin film of #9Py at a boundary of symmetry
might be very well represented by setting As,g and Bg,g to nonzero values
with Ag, gt Bs,g greater than one. In these cases in which a boundary sur-
face actually serves as a multiplying type of source, the program will still
accept problems of type A, B, or C according to Sect. III.A without detecting
a boundary source as such. Therefore, care should be taken to avoid trying
to find solutions to problems with no steady-state or persisting solution. If
the periodic boundary condition is specified (MFR = 1), the albedo coeffi-
cients determine the incoming flux at one boundary from the outgoing flux
at the opposite boundary.
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3. XLIBIT? Output-card Format

Because only the cross sections needed in the TESS code are
available for homogenization--namely, Zt, vZf, and the scattering cross
sections--the XLIBIT type-1 card punched by TESS contains the following:

The Zcap field = 0,

NDS
the Dfjgg,i fleld = Zapg i = Zt,i - Z Zs,i~itj
j=0

and
the v field = \’zfiss/zabS'

The code punches both kinds of XLIBIT type-2 cards; i.e., it
punches out a fission-spectrum fraction matrix (which is a separate fission
spectrum for each energy group) as well as a group-independent fission-
spectrum fraction vector. TESS can use only the latter, but for the purposes
of codes that can use it, the matrix is also punched out. Thus the user
should discard one or the other from the deck of punched cards. Any
homogenization option using flux weighting only usually yields an energy-
independent x-vector, although only for NOT = 6 will this vector be the
same as the input x. An exception would be a case in which one spatially
collapses over a cell containing at least two regions with different x-vectors.
Any bilinear weighting option typically results in a x-matrix.

I. Error Indicators

The following error indications are printed off-line when an input
error or inconsistency is detected. When such an error is detected, the
problem and all succeeding change cases are skipped over. The following
is a list of error printouts and the errors that cause them..

1. ERROR, ADDRESS FORMAT FOR FIXED POINT DATA

a. Number of data words on card (columns 1-2) is zero,
negative, or greater than 20.

b. Fixed-point address (columns 4-7) zero, negative, or
greater than 250.

2. ERROR, ADDRESS FORMAT FOR FLOATING POINT DATA

a. Number of data words on card (columns 1-2) is zero,
negative, or greater than five.
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11.

12,

13,

14.

45

b. Floating-point address (columns 4-7) zero, negative, or

greater than 17480.

(For both of the above error indications, the contents of the
card that is in error are printed on-line and off-line.)

ERROR, NUMBER OF POINTS TOO LARGE
MAX > 150

ERROR, NUMBER OF POINTS TOO SMALL

MAX < 3

ERROR, NUMBER OF REGIONS TOO LARGE

TMAX > 40

ERROR, NUMBER OF REGIONS IS ZERO

TMAX < 0

ERROR, NUMBER OF GROUPS TOO LARGE

NGR > 26

ERROR, NUMBER OF GROUPS IS ZERO

NGR < 0

ERROR, NUMBER OF DOWN- OR UP-SCATTERS TOO LARGE
NDS > NGR, NPS > NGR

NDS > 12, NPS > 1 :

ERROR, ZERO OR NEGATIVE MATERIAL NUMBER

MIR (I) < 0

ERROR, UPPER REGION BOUNDARY POINT NON-INCREASING
OR II(1) IS LESS THAN OR EQUAL TO 1.

a. II(J)=sI(J-1)

hot IH(1) <=1

ERROR, ZERO DELTA R

DELR(I) <0

ERROR, NO NON-ZERO SIGMA TOTAL
SIGT = O for all regions and groups
ERROR, INCONSISTENT ANGULAR INPUT
S N >20

b. N<2

¢, Neodd
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15

16.

17,

18.

Izl
20.

21,

22,

23,

24,

Zb3

26.

27.

28.

{ N + 2, slab
N + 1, sphere

d. wi # Hpipe I =
= ui=ujfori,{j
MATERIAL NUMBER GREATER THAN 25

MIR (I) > 25

ERROR, GEOMETRY SPECIFIED INCORRECTLY
iG] # 1 or |IG| # 3

CANT FIND SET ID

The cross-section set name does not correspond to any set name
on the cross-section tape.

THIS MAT NOT IN CROSS SECTION SET - (material name)

An input isotope name does not correspond with any on this tape.
GROUP DEPENDENT FISSION SPECTRUM

MIXING VECTOR MUST HAVE AT LEAST TWO ELEMENTS
NMIX = 1 or NMIX <0

INCONSISTENT CONCENTRATION VECTOR

CONC(1) # 0

CONC(NMIX) = 0

CONC(I) = CONC(I+1) = 0

MATERIAL NUMBER GREATER THAN 25 IN MIXTURE VECTOR
MIX (I) > 25

ERROR, NO SOURCE IN INHOMOGENEOUS CASE

ITOUT = 0, no fixed or boundary sources.

ERROR, ALL FISSION X-SECTS ZERO

ITOUT > 0, no fission cross sections

ERROR, NO NON-ZERO CHI

No fission-spectrum input for problem containing fission cross
section.

SEARCH FAILED, TWO CONSECUTIVE SEARCH GUESSES ARE
EQUAL, CHECK SECOND GUESS

FOUND WRONG SET
The code cannot find the desired cross-section set on the tape.

EOF OR PARITY ERROR ON LIB TAPE
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V. PROGRAM INFORMATION

A. General Information and List of Subroutines and Overlays

TESS is written in FORTRAN and assembled under the CDC-3600
SCOPE 6.2114 monitor system. Because of core storage limitations, the
code is divided logically into five overlays. (The overlay feature of the
SCOPE monitor allows segments of programs to be stacked on tape per-
manently and to be called from the tape into core storage when needed.
Overlays transfer data by means of common storage.) The general logical
purpose of each overlay and the subroutines used in each are as follows:

Overlay 1
Reads, checks, and prints input. Initializes angular and geometric

data, mixes cross sections, and reads cross-section tape. Initializes fission
source.

Subroutines
INPR Prints input data.
MIXX Reads cross-section tape and mixes cross sections.
SCHECK Initializes fission source.
SEARCH Changes search parameter.
Overlay 2 »

Sets up the original matrix M for each group and writes the L and U
matrices on tape.

Subroutines

OPINT

SETUP Calculate auxiliary coefficients for use in computing the
ALQS elements of the original matrix M for each group.

AQSJL

Segment 1

MTXSET Calculates boundary-condition matrix elements and
boundary sources; calculates the matrix elements of,
and operates on, the matrix M to form matrices L and U,
for slab geometry.



Segment 2

MTXSES Same as MTXSET, except for sphere.
Segment 3

REVERSE Reverses the coefficient matrix for the adjoint calculation.
Overlay 3

Obtains angular and scalar flux solution for each group. Obtains
eigenvalue and fission source. Checks for fission density and/or flux and/or
search convergence.

Subroutines
SOURCE Multiplies source vector by L. matrix, and uses U matrix
to back-solve for angular fluxes.
CONV. Calculates fission source and checks for fission-density
convergence.
EXTRAP Fission-density extrapolation routine
Overlay 4

Prints output data; computes and prints reaction rates.

Overlay 5

Computes integrals of flux and adjoint for perturbation analysis and
for cross-section homogenization; computes prompt-neutron lifetime.

Subroutines
HOMOG Computes space-and-energy homogenized cross sections.
XLPCH Punches homogenized cross sections in XLIBIT format, if

desired.

B. Tape Assignments

FORTRAN IV Logical Number
All BCD printed OUTPUT : 61
All BIN and BCD Input 60
Punched card output 62
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Intermediate binary 1,;2,3,4,8
Program (overlay) tape 29
Cross-section tape 11

C. Input-deck Order

The deck setup is as follows:
a. Job card

b. Accounting card

c. 17/9 EQUIP, 29 = (TESS 71 OVLY, 2), RO, SV
. 7/9 EQUIP, 11 = (cross-section tape label), RO, SV
e. 7/9 LOADMAIN, 29, 200, 99999, 7

i Problem data

VI. OUTPUT DATA

The general complexity of the output for each problem is governed
by the two fixed point input words NOT and IDP.

IDP (Fixed-point Address 12) governs‘the option of printing the
input to the problem off-line. The input print consists of the following data:

1. General fixed-point data, such as number of groups, regions,
points, and the various options.

2. The floating-point words EPS1, XIN, THETA, FAC, SGES, SEN,
and RR as defined previously.

3. General region data, consisting of region number, material num-
ber in each region, the maximum index value of a point in the region, the
mesh-point spacing, and the outer (right) value of the radius.

4. The Hj values for each value of j.

5. The mixture data including material numbers and concentrations
(if any).

*Only needed if cross sections are read from tape.



6. The fixed-volume-source input (if any).

7. The boundary-condition specifications for each group.
8. The cross-section data for each region.

9. The fission-spectrum data.

NOT (Fixed-point Address 7) governs the complexity of the output
print according to the following table:

Value of NOT

NI =20 1. The final eigenvalue for problem type A (or the final
integrated fission source for problem type G):

2. The radius, group scalar flux, and fission-neutron
density at each point, including two values for the
fission density at each interface.

NOT = 1 1. Output for NOT = 0.

2. The neutron balance by region for each group, the sys-
tem total summed over all groups. The neutron-
balance data include integrated (with respect to the
spatial variable) flux, integrated fixed-volume source,
integrated absorption, integrated fissions, and net
leakage.

1
o~
—

NOT Output for NOT = 0.

* 2, Output for NOT = 1,

3. Auxiliary output by group and space point, with the
scalar fluxes, hemispherical currents to the left,
hemispherical currents to the right, and the angular
fluxes listed opposite each value of the spatial variable.

NOT = 3 1. Output for NOT = 0,
2. Output for NOT = 1,
3. Output for NOT = 2,
4. The spatially dependent fission density for each itera-
tion for problem types A and C.
NOT = 5 1. Output for NOT = 0

2. Output for NOT = 1
3. Output for NOT

]
2%
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4. Integrals of flux and adjoint for perturbation analysis,
along with prompt-neutron lifetime (if inverse veloci-
ties are input), and homogenized cross sections, bi-
linearly weighted without u-weighting. This weighting
is considered preferable to NOT = 8 or 10 if the sys-
tem in which the homogenized cross sections are to be
used is spherical* rather than slab (see Sect. II.H).
However, the homogenization procedure is only for a
slab geometry cell calculation, so NOT = 5 should not
be selected unless IG = 1.

NOT = 6 Same as NOT = 5, except that the homogenized cross sec-
tions are flux weighted only. (No adjoint calculation is
done, regardless of the value of MADJ.) This is flux
weighting without p-weighting and is considered preferable
to NOT = 7 or 9 if the system in which the homogenized
cross sections are to be used is a sphere.* This is the
only cross-section homogenization option that uses only
the scalar fluxes (and not the angular fluxes); it is also
the only option that treats cells of spherical geometry as
well as slab geometry.

NOT = 7 Same as NOT = 6, except that the cross-section homogen-
ization is flux weighting with u-weighting; considered pref-
erable to NOT = 6 or 9 if the system in which the
homogenized cross sections are to be used is a slab.
Should not be selected unless IG = 1.

NOT = 8 Same as NOT = 5, except that the homogenized cross sec-
tions are bilinearly weighted with u-weighting; considered
preferable to NOT = 5 or 10 if the system in which the
cross sections are to be used is a slab. Select only with
IG = 1.

NOT = 9 Same as NOT = 6, except that the homogenized cross sec-

tions are flux weighted with v1 - u? weighting; considered
preferable to NOT = 6 or 7 for systems with leakage pre-
dominantly parallel to the plates. Select only with IG = 1.

NOT =10 Same as NOT = 5, except that the homogenized cross sec-
tions are bilinearly weighted with /1 - md weighting; con-
sidered preferable to NOT = 5 or 8 for systems with
leakage predominantly parallel to the plates. Select only
with IG = 1.

*Includes cylinders with roughly equal height and diameter.
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NOT = 11-16 Same as NOT - 6, except that no flux or adjoint calculation
is done. These values are assumed to be stored in mem-
ory from an earlier problem. Also, the angular flux print
is suppressed.

If NOT is negative, a decimal punch-out of the converged fission den-
sity is obtained to be used in subsequent cases.

The final item of output in each case is the computer time required.

VII. ESTIMATE OF RUNNING TIME

The running time for a particular problem is almost completely
spent doing two things: (1) setting up the matrix, and (2) iterating. Esti-
mating the time involved in either phase is far from an exact science. Fig-
ures 6 and 7 are intended to serve only as a rough guide. Often the user
will be better off running a sample problem and estimating from that, using
the following approximate guidelines: Running time increases linearly with
the number of groups, linearly with the number of spatial points, and as the
square of the angular order. Regarding the use of Fig. 6, the minimum num-
ber of iterations in TESS is 2. The maximum number for convergence is
strongly problem-dependent, but for convergence criterion EPS] equal to
107%, the code seldom requires more than 15 iterations. If one is also
doing an adjoint calculation as part of the problem, the matrix setup time
for the adjoint will be considerably less than for the real flux calculation,
which is always done first. However, if the problem is solely an adjoint
calculation, the time to set up the matrix is the same as for a real flux
calculation. Of course, because the adjoint is usually a flatter function of
space, the adjoint calculation requires somewhat fewer iterations than the
corresponding real flux problem, assuming that both are initiated with a
flat source guess.
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APPENDIX A

Floating-point Addresses of Cross-section Matrices

1. First-word Addresses

Material

Number

V@DV W N -

SIGT

50

76
102
128
154
180
206
232
258
284
310
336
362
388
414
440
466
492
518
544
570
596
622
648
674

SIGS

700
726
752
778
804
830
856
882
908
934
960
986
1012
1038
1064
1090
1116
1142
1168
1194
1220
1246
1272
1298
1324

1896
1922
1948
1974

VusIG

2000
2026
2052
2078
2104
2130
2156
2182
2208
2234
2260
2286
2312
2338
2364
2390
2416
2442
2468
2494
2520
2546
2572
2598
2624

CHI

2650
2676
2702
2728
2754
2780
2806
2832
2858
2884
2910
2936
2962
2988
3014
3040
3066
3092
3118
3144
3170
3196
3222
3248
3274

STR

3300
3534
3768
4002
4236
4470
4704
4938
5172
5406
5640
5874
6108
6342
6576
6810
7044
7278
7512
7746
7980
8214
8448
8682
8916

9425
9450
9475
9500
9525
9550
9575
9600
9625
9650
9675
9700
9725
9750

2. First-word Addresses of STR Scattering Transfer Matrix

Material
Number

VDN VB W N —

Down Down

4 5
3372 3394
3606 3628
3840 3862
4074 4096
4308 4330
4542 4564
4776 4798
5010 5032
5244 5266
5478 5500
5712 5734
5946 5968
6180 6202
6414 6436
6648 6670
6882 6904
7116 7138
7350 7372
7584 7606
7818 7840
8052 8074
8286 8308
8520 8542
8754 8776
8988 9010

3415
3649
3883
4117
4351
4585
4819
5053
5287
5521
5755
5989
6223
6457
6691
6925
7159
393
7627
7861
8095
8329
8563
8797
9031

Down
7

3435
3669
3903
4137
4371
4605
4839
5073
5307

5775
6009
6243
6477
6711
6945
7179
7413
7647
7881
8115
8349
8583
8817
9051

Down

8

3454
3688
3922
4156
4390
4624
4858
5092
5326
5560
5794
6028
6262
6496
6730
6964
7198
7432
7666
7900
8134
8368
8602
8836
9070

Down

9

3472
3706
3940
4174
4408
4642
4876
5110
5344
5578
5812
6046
6280
6514
6748
6982
7216
7450
7684
7918
8152
8386
8620
8854
9088

Down

10

3489

3723

3957
4191

4425
4659
4893
5127
5361

5595
5829
6063
6297
6531

6765
6999
7233
7467
7701
7935
8169
8403
8637
8871
9105

Down

3505
3739
3973
4207
4441
4675
4909
5143
5377
5611
5845
6079
6313

6781
7015
7249
7483
™7
7951
8135
8419
8653
8887
9121

Down
12

3520
3754
3988
4222
4456
4690
4924
5158
5392
5626
5860
6094
6328
6562
6796
7030
7264
7498
7732
7966
8200
8434
8668
8902
9136

53
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APPENDIX B
TRIM Angles for Use in TESS

Meneghettis’9 has derived optimum angles for thin binary slab cells
with source and nonsource regions of various thickness. These are tabu-
lated here for use in TESS.

Following the notation of Meneghetti, A and B are the thicknesses
of the two cell regions in mean free paths, and

Meneghetti recommends’ if the use of TRIM angles is indicated,
choose from among the listed n-approximations, corresponding to the «
nearest to AB/(A+ B), an n-approximation that has a minimum of at least
one value of p < AB/(A+ B).

Table B.l lists the TRIM angles for various values of a.

TABLE B.l. Cosines of TRIM Angles

o nooY B2 M3 P K5 Ko M7

4 0.0 0.0261 1.0
6 0.0 0.0098 0.0675 1.0

0.005 80,0 10:0057 00262 J0FI09ETN 0
10 0.0 0.0039 0.0146 0.0461 0.1489 1.0
12 0.0 0.0030 0.0097 0.0261 0.0675 0.1841 1.0
4 0.0 0.0317 1.0
60D 0012 5 0RO TT o

0.0075 8 0.00-0.0074 " 0:0317 Ql226e-1°0
10, 0.0 '0:0052 0.0183 Q.0542"0.1634 =130
12.0.0-.0.0040  0.0125 0.0317 00775 021394120
4 0.0 0.0364 1.0
6 0.0 0.0149 = 0.0856 " 1:0

0.01 8 0.0, 0.0090 0.0364 0132 7S]
10 0.0 0.0064 0.0215 0.0608% 0.1 7Ec" 120
12 0.0 0.0050 0.0149 0.0364 @ 0.0856 (721 14NIR()
4050 050605 150
6 0.0 0.0224 0.1084 1.0

0.02 8 0.0 0.0141 . 0.0505 W,1604 150
10 - 0.0 0.0103 “'0.0314 "0.0793 90 =0S0RIE0
12 0.0 0.0081 0.0225 0.0505 0.1084 0.2432 1.0



TABLE B.1 (Contd.)

« - o B2 b3 Mg s He

4 0.0 0.0609 1.0
6 0.0 0.0284 0.1244 1.0

0.03 8 0.0 0.0182 0.0608 0.1790 1.0
10 0.0 0.0134 0.0389 0.0935 0.2252 1.0
12 0.0 0.0106 0.0283 0.0608 0.1243 0.2644
4 0.0 0.0693 1.0
6 0.0 0.0333 0.1369 1.0

0.04 8. 0.0 0:0217 0.0693:.0.1936" ‘1.0
10 0.0 0.0161 0.0452 0.1043 0.2407 1.0
12 0.0 0.0128 0.0333 0.0693 0.1369 0.2802
4 0.0 0.0767 1.0
BN 0000372 3011474 ¥ 5190

0.05 8 0.0 0.0249 0.0767 0.2058 1.0
10 0:0 090186 '0.0508" '0.1137 " 0:2537" 1.0
12 0.0 0.0148 0.0377 0.0766 0.1474 0.2934
42050 00831 1.0
6 0.0 0.0417 0.1566 1.0

0.06 B 0E0 010277 “ofo831 0:2160 1.0
10 0.0 0.0208 0.0557 0.1217 0.2645 1.0
12 0.0 0.0167 0.0417 0.0831 0.1566 0.3047
4 0.0 0.0889 1.0
6 0.040:04531'0:1647 1.0+

0.07 8 0.0 0.0303 0.0889 0.2252 1.0
10 0.0 0.0229 0.0602 0.1291 0.2744 1.0
12 0.0 0.0183 0.0452 0.0888 0.1645 0.3143
4 0.0 0.0942 1.0
e 0.0 0.0486 01720 2.0

0.08 8 0.0 0.0328 0.0942 0.2334 1.0
10 0.0 0.0247 0.0642 0.1354 0.2827 1.0
12 0.0 0.0199 0.0486 0.0941 0.1719 0.3231
4 0.0 0.0991 1.0
& 0.0 0.0517 0.1781 1.0

0.09 8 0.0 0.0350 0.0990 0.2408 1.0
10 0.0 0.0265 0.0680 0.1413 0.2902 1.0
12 0.0 0.0214 0.0517 0.0990 0.1787 0.3310
4 0.0 0.1626:¢1.0
6 0.0 0.0546 0.1848 1.0

0.10 8 0.0 0.0372 0.1037 0.2476 1.0
10 0.0 0.0282 0.0716 0.1469 0.2974 1.0
12 0.0 0.0228 0.0547 0.1037 0.1849 0.3382



TABLE B.l (Contd.)

o n R Mz M3 g M5
40,0000, 1226 130
6 0.0 0.0670° 02099550
[0 J b5 8 0.0 «0;0463 0plZ26 0275235l
10¢ 0.0 . 0:0355 +0.0866 5051687 083250
12 0.0 0.0288+10:0670%3051225 22099
40508001 375110
6 0.0 0.0769 $0:2292 5150
0.20 8 0.0 0:0537 i0.1374.70:296L 110
10 0.0 . :0,0414. 0.0986.: 0:1875 '0.3475
12 080 050337 050763 = 05157 A b
4 0.0 0.1498 1.0
6 0.0 -0.0853 (02450 . 1:0
0.25 8 0.0 0.0599 0.1497 0.3129 20
10 0.0 0.0463 0.1084 0.2018 .3644
12 0.0 /0,0378 ;00853 . 01498 .2450
A 0NOSS 091 G038 20
6 0.0 0.0924 .0,2583 - 1:0
0.30 8° 0.00 (0.065% 10,1604 08272 <Ll
10, 0.0 .10.0507 ¢ 0:.1170 - 0:2142 <« 053739
12 0.0 0.0414 0.0924 0.1603 2583
4000 0,169 - 1.0
6 0.0 0.0988 0.26%98 1.0
335 8 0.0 0.0701 :0.1696 : 0:33% .0
10 00 00544 . 10,1245 . 0.2248 ;053911
12 0.0 0.0446 0.0988 0.1696 .2698
40 0PR0 N 776 10
6005001043 02799« 0
0.40 8 0.0 0.0743 0/A776 0:3498 1.0
10, 0:0:5 006578 ~0,1312 .. 0.2343 2054013
12 00 00474 0.1043  0.1776 2799
4= S070- 5071 849 S50
6 0.0 051094 0.2890:« d:0
0.45 8-0.0" 0.0781 ¢ 01849 085593 .0
10:¢ 040 9:0:0609 . 01372 - 0. 2427 4116
12 ' 0.0 0.0499 0.1093 0.1849 .2889
4. S0C0 R0 195 Y T0
6 10.0°90.1139 0.2970 1.0
0.50 8 0.0 00815 . 0:1915 03674 o)
10 0.0 0.0637  0.1426 0.2503 0.4202
12,00 = 00522 - 0%1139 &:0% 716 2970




APPENDIX C
Choice of Angles for Use in TESS

1. Discussion
et

The choice of optimum angles (and their corresponding weights, if
a quadrature scheme is used) for a transport code depends, of course, on
the problem to be solved. This should be kept in mind when evaluating the
content of this appendix. The calculational model used here for compari-
son of convergence obtained with different choices of angles is one of the
models presented in Ref. 8. Briefly, it is a binary-cell, one-energy-group
problem with a unit source (but no fission) in one region, which is A mean
free paths thick, and no source in the second region, which is B mean free

paths thick. The calculation describes

CONSTANT-SOURCE REGION NONSOURCE REGION half of each region with a reflective
| | boundary conditionat both boundaries.
Sgi = O12cm”! 42 = 0.028¢m! (See Fig. C.1.)
| |
Zy = 020cm™! Zy2 = 007cm”!

Three methods of choosing
angles were used for this comparison
study. The Meneghetti TRIM angles
of Appendix B were one choice. They
are derived to be optimum angles for
thin binary slab cells. It is well
known that inslab geometry the angu-
lar flux at an interface can have a
very large gradient as the angle
approaches ‘n/Z. Thus, the TRIM angles between 0 and 90° are concentrated
near 90°. However, even for fairly thin binary slab cells, the flux at the
center of a region tends to be much less anisotropic than at the interface.
This suggests that some sort of compromise should be made with the angles
a bit more evenly spaced (in terms of cos 8). To this end, the following two
methods were devised (n is the order of the S;, calculation and p; = cos Gi):

BOUNDARY

ReEFLECTIVE
BOUNDARY

>

°
3

Mo ReFLECTIVE
&
3

~

Fig. C.1. Calculational Model

Method I
i n/2
b= 0.0 py = ) k/ Y (c.1)
k=1 J=1

Method II

i x nez
b = 0.0; pgyy = ) 2K 3 s (c.2)
<o

k=1

57
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Method

II results in a finer u spacing close to u = 0 compared to

Method I, yet gives much more evenly spaced values of p than TRIM.
Tables C.1 and C.2 show the positive values of p obtained by these

methods.
TABLE C.1. Cosines Obtained by Method I (see text)

n My (1P K3 Ha Hs He K7 ] K9 K10 3%
8 )

des 00 03833 1.0

6 0.0 0.1667 0.5 1.0

800 01 0.3 0.6 L0
10,5020 0.0667-.0.2 0.4 0.6667 1.0
12 0.0 0.0476 0.1429 0.2857 0.4762 0.7143 1.0
14 10105 0.0857 201071, .0.2143¢%0.3571% 0.5357 " 0.7500 1.0
16 0.0 0.0278 0.0833 0.1667 0.2778 0.4167 0.5833 - 0.7777 " 1.0
18 0.00 0.0222 0.0667 0.1333 0.2222 0.3333 0.4667 0.6222 0.8000 1.0
20 0.0 0.0182 0.0545 0.1091 0.1818 0.2727 0.3818 0.5091 0.6545 0.8182 1.0

TABLE C.2. Cosines Obtained by Method II (see text)

n Ky 'F) H3 Hq Ks He L He K9 Ko  Hn
2. 0.0 1.0

4 = 0705505333 1.0

6 0.0 0.1429 0.4286 1.0

8 0.0 0.0667 0.2000 0.4667 1.0

10 0.0 0.0323 0.0967 0.2258 0.4839 1.0

12 0.0, [0.0159  0,0476, 0.1111 0.2381 0.4921 1.0

14 0.0 0.0079 0.0236 0.0551 0.1181 0.2441 0.4961 1.0

16 0.0 0.0039 0.0118 0.0275 0.0588 0.1216 0.2471 0.4980 1.0

18 0.0 0.0020 0.0059 0.0137 0.0294 0.0607 0.1233 0.2485 0.4990 1.0

20 0.0 0.0010 0.0029 0.0068 0.0147 0.0303 0.0616 0.1241 0.2493 0.5 1.0

One other combination of angles was formed for an S-10 calculation
by using the angles obtained by Method II for S-8 and adding one cosine a
factor of 10 smaller than the smallest nonzero value in the S-8 set. These
are shown in Table C.3.

TABLE C.3. Combination Cosines
n K1 M2 H3 He Hs Mo
10 0.0 0.0067 0.0667 0.2 0:5 1.0

2. Results

Even though these cases have no fission, the results are indicative
of the solutions that would be obtained in realistic slab-geometry multi-

group cell calculations with fission in one region.

The comparison



parameter used is the ratio of average flux in the source region to the
average flux in the nonsource region. Presumably, if this ratio is correct,
that is, if increasing the number of angles (or space points) does not change
the ratio, then other quantities such as eigenvalue and reaction rates are
correct. The ratio of 55 to $ns is plotted for each case considered, as a
function of the number of angular intervals in p-space, in Fig. G.2;

For A << B (Figs. C.2A-C) and A >> B (Figs. C.2G-I), the
Method II angles give the "correct" solution with fewest angles, even for
the thinnest case, where AB/(A+B) = 0.015. Also, for A < B, Method II
angles appear to give a more nearly correct solution sooner than Method I.
In most of the cases, the TRIM angles are better for small values of
n (4 and 6), but they do not converge as rapidly. This indicates that it is
important, even for very thin cells, to have some fairly large values of u.

For A < B, the combination S-10 angles appear to be no better than
the Method II angles, and for the other cases they seem to be a poor choice.

| 48— 12 g n————
1.450f 122

1.425|

13750 Lok
; 4
Q 1.350} N e .
¥ @
13251 17
1.300 9 1.16|
1.275 1.18) 4
1.250) 4 114
'oé‘i‘»leét‘a:c:nzlo;zz‘cz‘su B T T R T
ORDER OF S-N ORDER OF S-N
A. A = 0.064, B = 0.8192 B. A = 0.032, B = 0.409

Fig. C.2. Degree of Convergence vs Angular Order for Various Choices of Source and
Nonsource Region Thicknesses (A and B, respectively). In units of mean free
path; © TRIM angles; [J Method I; A Method II; © combination.
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APPENDIX D
Angular Convergence: TESS versus SNARG

The following comparison study between TESS and another one-
dimensional transport-theory code was made to illustrate the value of the
double S, method in obtaining convergence on kgf with the fewest angular
intervals. The other code chosen for comparison was SNARG,!® which is
also the one-dimensional transport module in the Argonne Reactor Code
(ARC) system.!! SNARG uses a quadrature scheme to integrate over the
angular variable and needs weights as well as angles.

The problem considered was
FUEL SODIUM CARBON a slab-geometry system with a unit
cell expressable with mirror bound-

o g o \7sen @TY conditions as shown in Fig. D.1.

Fig. D.1. Unit Cell with Mirror Boundary Conditions The fuel plate was a mixture

of %Py at 0.0102685 atom/b-cm and
238y at 0.0377315 atom/b-cm. The sodium atom density was 0.022 atom/
b-cm and the carbon density was 0.072 atom/b-cm. The core was 38.5 cm
thick (with a fuel plate at the center) and had a 20-cm-thick ?*8U blanket
(0.048 atom/b-cm) at each end.

The cross-section set for the system had 12 groups, and both codes
were given the same spatial mesh, with 150 points total. The TESS angles
were arbitrarily chosen to be the
angles generated by Method I of Ap-
pendix C. Considerable experimen-
tation was done with SNARG to find .
a set of angles and weights that would
give reasonably quick convergence.
Both single Gauss quadrature and
modified single Gauss quadrature bl IR
were rejected before double Gauss
quadrature was chosen. 1 R TR T e e

ANGULAR ORDER

SNARG (¢1078)

T 1.0087}
.
-

The results are shown in
Fig.D.2. Pointwise convergence on
the fission source was chosen with
a convergence criterionof 10°%, for TESS. The convergence in SNARG is
on the eigenvalue, so it is not surprising that a tighter convergence crite-
rion of 107% was required to converge to the correct k-effective. The re-
sults show that TESS was converged at S-14 while SNARG required S-20.

Fig. D.2. TESS and SNARG Convergence,
as a Function of Angular Order
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500
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APPENDIX E
Listing of TESS

PROGRAM TESS 694A
REVISED EDITION

OMMON/AL/
%OM:ON/A;/ b;:?g;;gg?1¢25912)
BANK(0),/A2/

BANK(1),TESS 69A, /A1,
DO g 1=1,250
LLt])=0

D0 9 1=1,25912
COMg (I)=0,0
IF(LL(22))3,4,4
LL(22)=elL(22)

PRINT 500
PRINT 501, (COM1(]),1=25873,25884)
G0 v0 5
CALL OVERLAY(1,0,29)

LLt16) =0
IFCLLC?)+GT410) GO To 10
CALL OVERLAY(2,0,29)

CALL OVERLAY(3,0,29)

IF(LL(197))4,4,7
CALL OVERLAY(4,0,29)
IF(LL(197))2,2,10
CALL OVERLAY(5,0,29)

GO 10 2
EgRHAT(ai ADJOINT CALCULATION, CORRESPONDING Tn PRECEEDING FLUX Ca
1LCe)

FORMAT (1H0,12A6///7)

END TESS 694

PROGRAM LINK1 .

COMMON/AL/LL(250),E(17438),CC(6),NN(21),NR,LC,NALNOF,LF.NAFsT4Jds
1K, L,M,J01,02,J3,04,05,M1,M2,M3,M4,M5,M6,M7,SOME, SUM, AJ,S1,52,%0L,
2LGO,NCE, AN, IT,XPT(151),IDIM, TuDIM, ILDIM,NPI,EIGMy ,E1QEN, EIGENy,E1G
JEN?:NEXT:KS;HH’)]Xl:N"‘nKi:K?nNC'RlPOantlﬂg)nPOHR3(18’)JSC(”0.2°
4),XK(3),VX(3), TIMEBEG,OUTCON, SEARCON, EIG43, SCFLUX(150,26), 1JKY,
S5EMy ,MATNO(20),ISET,PROBT(12),1SAVE,ELOWER(27)

DIMENSION I1(40),MIRC40),DELR(40),PONRL(189),EMU(22),ALPHA(2326),
1DELTA(22,26),SVM(189,26),51GT(26,25),5165¢(26,25),51GS1(26,251,VUS!
2G6(26,25),CHI(26,25),STR(234,25),5TR1(25,25),VINV(26,28),LKGP'26),
SLHREG(6),CONC(40),MIX(40)sMTIX(20)sNTMIX(20),GAMMA(10,2,26)B8UCK!
426,25),BETA(2,26),LRATE(25)

EQUIVALENCE(LL(1),MAX), (LL(2),JMAX), (LL(3),NBR), (LL(4)sN), (LL(5),
INDS) s CLLCO) aNPS) s CLL () aNOT) o (L (B2 1TOUT) (L (9)uLe0) o (LLCL0)IMIK
2),(LL(11),LPG), (LL(12),1DP), ¢LL(13),MUTEST),(LL(14),JSP), (LLIL15),N
IMIX) o (LL(16), MMIX), CLL(17),KREG), (LL(18),NSOS), (LLE19),NFOS) s (LL(
420) ,KIT1) o (LLC21) , 1HBUK) » CLLC22) . MAD ) S (LL(23) s MFR) # CLL (24D BED 2 (LL
5(25), JEXOP), (LL(26), 11y, (LL(66),MIRY, (LL(106),MIX), (LL(146),FTIX),
6(LL(166),NTHIX), (LL(186),NHGPy, (LL(187), VHREG), (LL(488), LHRE),
7CLL(198) +LHGP)» (LL (224),LFREG) » (L (225)sNRATE), (L (226),LRATE)

EQUIVALENCE(LL(220),NFREG), (Ec1),EPS1), (E(2),EPS2), (E(3),EPS*), (E(
14),FAC), (E(5), THETA), (E(8),SEN), (E(7),SGES), (E(8),RR), (F(9), X IN),¢(
CE(10) DELR) » (E(50),SIGT)(E(700).SIGS) 2 (EC1350),81G81) s (E(2000),vy
351Gy, (E(2650),CHI), (E(3300),STR), (E(9150),STRL), (E(9775),VINV), (E(
410425),ALPHA), (E(10477),BETA), (E(10529),3AMMA), (E(11049),DELTA), (E
5(11621),EMUY» (E(11643),CONC), (E(11683),POWR1), (E(11872),Buck), (E(
612522),SVM)

DIMENSION ALL(703)

nOHMONZ2/1LLC700), IRECNOL20).NTGC20) ,NEG(20)

nErnvarpoovor s ~es y SEARCH, SCHECK

1'.."."..'.'"ﬁ'.'t'."."'t..."".."".

63
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Eqn2ﬂ§1aﬁ/§§&}1§%%6.25).SIGFIVtsso’.SIGCAP(26.25).slucAvteso’
EQUIVALENCE (EE(I):SIGFIV'SIGFIS’"EE(651’-SIGCAV'S!GCAP’
BANK(0),/2/,/A2/, INPR, MIXX
EQUIVALENCE (ILL(g)sALL(4))
THIS 1S THE MAIN INPUT CHAIN
IF(LG0)2000,1,2
2000 CALL SEARCH
IF(JSP~1)83,83,65
1 FAC = 1,0
LGOC = 0
SET BOUNDARY CONDITIONS TO REFLECTIVE (LEFT) AND NO REENTRAN'
CURRENT (RIGHT), IF OTHER CONDITIONS ARE DESIRED READ IN ALARAS
DO 9669 1JK=1,26
ALPHACLa1JK)=140
9669 ALPHA(2,1JK)=1,0
LFREG=1
NE=4
SENz1,
EPS3=,003
1TOUT=S0
MUTEST=1
1F(LGD,GT,0) LGOC = 1
IF(EOF,60) 80,4004
4004 GO = 1
REWIND 1
SEARCON®0.
NCE=0
1T=90
READ 527 (PROBT(J),Ju=1,12),KTEST
527 FORMAT(12A6,12)
IF(EOF,60) 80,4005
4005 [F(KTEST=99)5142,5143,5142
5343 DO 5144 1JKs=1,223
5¢44 LL(1JK)=Q
DO 5145 [JK=1,17480
5145 E}IJK);O_O
LFREG=y
NZ4
MIK=0
1TOUT=50
MUTEST=1
EPS3=,003
SEN=1,
FAC=1,
DO 9559 lJK=1,26
ALPHA(1, 1JK) =1,
;gfg ALPHA(2.§JK)=1-0
PRINT 533, (PROBT( 81,12
i1y IRLARL, KTRRT
1SAyE=Q
IF(KTEST'EQ88) IgAVE = %
PRINT 521
TIMEBEGsTIMELEFT(TIMEB
RESS 501:NRuLC.Nx,{Nﬁ(ﬁgalai,,n)
1F(NR) 100,190,15
15 IF(NR=20)22,22,100
22 IF(NA) 100,100,116
16 [F(NA»250)23,23,100
23 DO 17 I=1,NR
JzleNA-yq
17 LLGY)=NN(])

~n

14



c

202

203

18
700
702

701

19
24

25
23
26
200
1001
1002

1007
526

1004
1005
1006
1017
1018
1019

201

104
27
28
29
30

D QF
AR AT IR
1GOM=XABSF (1G)
IFCIFLAG/EO.IGOM) GO To 18
IF(IGOM _NE,3) GO To 18
DO 203 lJK-1,26
ALPHA(L,1yK)=1.0
ALPHA(2,1JK)=20,0
IF(LPG~1) 700,700,701
DO 702k=1,189
POWR1(K) = 0,0
READ 502, NOF,LF NAF, (CC(1), T3y, )
IF(NOF) 101,101,19
IF(NOF.5)24,24,101
IF(NAF) 101,101,20
IF(NAF~17480)25,25,111
DO 21 1si,NOF
J-l.NAF-;
E(J)scc(])
IF(LFe1)701,26,26
IF(MMIX) 200,201,200
READ 525, [SET, (MATNO(I),1=1,MMIX)
1FL=0
IF(NRATE)1002,201,10,7
NRATE==NRATE
1FL=l
READ 526, (LRATE(1),lal,NRATE)
FORMAT(12A6)
IFCIFL.EQ,0) GO To 21
READ 502,NOF,LF,NAF, (CCCI), 151,58}
IF(NOF)101,101,1005
IF(NOF=5)1006,1006,101
IF(NAF)101,101,1017
IF(NAF=1300)1018,1018,10%1
DO 1019 I=1,NOF
JaleNAF o
EE(J)CCC%])
IF L7-1)100‘.201:201 .
OUTCON=NOT
NOT=XaBSF(NQT)
IF((1G,EQ,1),0R, (IG,EQ,-1))PRINT 529
lF((IG.EO.J)-Oﬂ.(lG.EQ.-s))PﬂINY 530
IFCCIGNE 1) AND+ (1G.NE+3) . AND. (}GINE.®1) . AND. C1G.NE+=3) INCE®L
lrcNCE.Eg 1) PRINT 531
IF (MADJ,EQ,2) MADJa=MADJ
IF(NOT+EQ16+10R+NOT.EQ+7-0R«NOT-EQ-9) MADJ®D
IF(NOT.EQ,5,0R,NOT,EQ.8.0R,NOT.EQ.10) MADJ==2
IF(MADJ EQ,«2)PRINT 522
IF(MADJ/EQ:«*1,0R+MADJ+EQ.0)PRINT 523
IF(MADJ,GT,0)PRINT 524
IF(NOT,LE,10) GO TO 104
PRINT 532
GO 10 83
IF (MAX-150)28,28,27
PRINTY sp5
NCE=1
GO T0 30
IF(MAX~2) 29,29,30
LESS THAN 3 POINTS =~ ERROR
PRINT 506
NCE=1
IF(JMAXe4p) 32,32,31



66

M
31 PR

32
33

34

36
37
38
3000
3004
3002
39

49

41

44

46

47

48
83
49

50

ORE THAN 40 REGIONS = ERROR
INT 1% =

NCEgl

GO 1O 34

IF(JMAX) 33,33,34
NO REGIONS - ERROR
PRINT 508

NCE=1

1F(NGR=~26) 36,36,35
PRINT 509
NCE=1

GO t0 38

IF (NGR) 37,37,38
AT LEAST 'OnE
PRéNT 510
NCEsl
1F(NDS~-12)3000,3200,39

IF (NDS"NGR)3001,39,39

IF(NPS-1)3002,3002,99

IF (NPS~NGR)40,39,39

PRINT 511

NCE=

DO 42 lag,JMAX

IF(MIR(I)) 41,41,42

EVERY REGION MUST HAVE A MATERIAL SPECIFIED
PRINT 512

NCE=1

GO YO0 43

CONTINUE

DO 300 ]=ai,JMAX

IF(MIR(1)«25)300,300,301

PRINT 520

NCEs=1

GO 7O 392

CONTINUE

IF(II(1)=1) 44,44,95

IF(JMAXe1) 44,46:600

TF(MAX «NE ITC(JMAX)) GO To 44

M7= JMAXel

DO 45 lsy,M7

REGION UPPER POINT NUMBERS MUST e MONOTONICALLY
IF(IT¢ledyall(ly) 44,644,45

CONTINUE

GO 1O 46

PRINT 513

NCE=1l

DO 48 sy, JMAX

IF (DELR(1)) 47,47,48

REGION DELTA R,S MUST BE PpOSIT]VE

PRINT 514

NCE=1

GO 70 49

CONTINUE

IF(NCE) 83,83,49

CALL MIXX

IF(NOT.GT,10) GO TO 69

DO 50 Jal,JMAX

KzMIR(J)

DO 50 I=1,NGR

CHECK TO DETERMINE IF EVERYTWING IS

IF (S1G7(1,K)) 82,5U,52 o e
CONTINUE

GROUP

INCREASING



51
52

88
1024

720

1025
1023

1021
1022

1032
2008

1010
1014

1014 S

1015

1020
99

400
401
402
403
404
405
406
407
408

55

56

57
58

L(¢250) NE 0y Go TO 99
1BUK)88,99,88
1F(1BUKw5)1023,1024,1024

DO 1025 ]=1,NGR

SUM1=SUM2s0,

DO 720 J=q,JMAX

IFCJEQsL) DELX®(11(1)=1)*pE ()
1F(J,0T,1) DELXe(II(J)=I1(Jed))sDELR(Y)
SUM1eSUM1SIGT(I,MIR(J))eDELYX
SUM22sUM24DELX

SITOTB=SUML/SUM2
BUCK(1025.1)=SIYOTB/(SlYoTaoaucx(1.1!)
GO TO 99

DO 1020 Js1,25

DO 1021 Ksg, JJMAYX
IF(MIR(K)*J)1021,1022,1021

CONTINUE

GO v0 1020

DO 89 lel,NGR
lFCSIGT(l.J))1032:a9.1n32
IF(1BYyK=2)2018,1010,1011
SIGT(l,J)-SlGT(lpJ)Oaucktl,1)/(3,0'5!37(X,J))
GO r089

g&ﬁ;éleg)lSlGT(l:J)OBUCK(J.!)/{S,O'SIGT(Y,J))

xr&xeux.4)1o14,1u15.1015
IGTCI,J)=SIGT(],J)*BUCK(I,4)/¢x,0*SIGT(I,J))
GO TtO 89
SIGT(I,J)aSIGT(1,J)*BUCK(I,J)/(3,0%SIGT(I,J))
CONTINUE

CONTINUE

ANsN

J1sNe2

J2=J1/2
IF((1G.EQ,3).0R,(IG,EQ,~3))JixNet
EMU(1)Ew1, ,
EMUCJ2)m0,

EMU(J2+1)80,"

EMU(J1)m1,

J3=J2.1

IF(N=20)400,55,63

IF(N=18)401,55,63

IF(N"16)402,55,63

IF(N=14)403,55,63

IF(N=12)404,55,63

IF(N=10)405,55,63

IF(N-8)406,55,63

IF(N=6)407,55,63

IF(N=4)408,55,63

IF(N=2)63,76,63

IF(MUTEST«2)56,58,60

PRIN
NCE=1
APl
IF¢

AJ=2,/AN

DO 57 Js2,J3

EQUAL INTERVALS IN COSINE THWETA
MlzJlwJel

EMUCJ)=ENMU(J-1)eAY
EMU(M1)e=-EMUJ)

GO TO 76

DO 59 Js2,J3



68

59

60

61
1
62
63

76
65

66
67

1030
1028
1029

1027

68

5068
70
703

80
100

101

500

1
501

502
503
504
505
506
507
308
509

EQUA& INTERVALS IN THETA

MizJleJel

AdeJey

AJSAJ/ZAN

EMU(J)=«COSF(3,1415926544AJ)

EMU(My)s-EMUCJ)

Go To 76

INTERVALS READ IN

DO 61 J=2,J3

Hl:Jl!J.% UML) 1,63
(EMU(Y) M1)) 636146

éaEE: FSR ggNSlSTENCV IF ANGULAR DATA IS INPUT

CONTINUE

DO 62 Js=2,J3

IF(EMUCJ)=EMUCL)) 65,63,91

IFCEMUCY)) 62063263

CONTINUE

GO TO 76

PRINT 516

NCE=1

NCE=z1

IF(NCE) 65,65,89

XPT(1)=XIN

Jai

DO 67 l=2,MAX

IFCI=11CJ)) 67,67,606

JeJel

XPT(1)=XPT(I-1)«DELR(J)

CALL SCHECK

IF(NRATE)1027,1027,1 30

IF(LG0C)1027,1028,1027

IF(YUNIT,1)1028,1029

BUFFER OUY (1,1)(EE(1),EE(6%50))

BUFFER OUT (1:4)(EE(651),EE(130n))

si=16

IF(NCE) 68,68,80

IF(1DP=1) 69,70470

IF(LG0)70,5068,5068

CALL INPR

I1F(LL(250) ,NE,0) GO TO 703

RETURN

PRINT 528

MMIx=0

60 10 2

CALL ExIT

PRINT 503

PRINT 501,NR,LC,NA, (NN¢Iy,1s1,21)

CALL EXIT

PR N; 504
PRINT 502,NOF,LF,NAF,(CC(I),121,6)
CALL EXIT
FORMAT (70H
512)
FORMAT(12,14,16,2019)
FORMAT(12,14,16,5€612 6,
FORMAT (44H ERROR,ADDRESS FORMAT FOR FIXED POINT DATA
FORMAT (48H ERROR,AUDRESS FORMAT FOR FLOATING POINT DATA
FORMAT (34H ERROR,NUMBER OF PAINTS TOO LARGE )
FORMAT (34H ERROR,NUMBER OF PNINTS TOO SMALL )
FORMAT (35H ERROR,NUMBER OF REGIONS TOO LARGE )
FORMAT (35H ERROR,NUMBER OF RFGIONS IS ZERO )
FORMAT (34H ERROR,NUMBER OF GROUPS TOO LARGE )



510
511
512
513

514
515
516
518
519
52y
521
522
523
524
525
528
529
530
531
532

533

FORMAT (345 ERROR,NUMB S

FORMAT(S7R ERRog.ﬁungEERo rng:%&;g bP-SéE??Ea% TOO LARGE )

FORMAT (404 ERROR,ZERO OR NEGATIVE MATERIAL NUMBER )

FORMAT (87H ERROR,UPPER REGION BOUNDARY PDINT NON=INCREASING OR
111¢1)1S LESS THAN OR EQUAL TO 1 )

FORMAT (20H ERROR,ZERO DELTA R )

FORMAT (31H ERRORsNU NON=ZERO SI1GMA TOTAL )

FORMAT (37H ERROR, INCONSISTENT ANGULAR INPUT )

FORMAT(38H3 CHECKOUT=-RADIIPOWER-FISSION VOLUME)

rgnnAr( 9(1x,E12 5))

FORMAT(33H MATERIAL NUMBER GREATER THAN 25 )

FORMAT(17H0PROGRAM TESS 694)

FORMAT (« FLUX CALCULATION OF nuUAL FLUX=ADJOINT OPTION)

FORMAT(31H wewoww FLUX CALCULATION eeevws)

FORMAT (344 #*wewe A1) 01NT CALCULATION %evesw)

FORMAT (A5,1x, (1146))

FORMAT(#0THIS PROBLEM SKIPPEDe)

FORMAT (%0 SLAB GEOMETRY®)

FORMAT (# SPHERICAL GEOMETRYw)

FORMAT (» ERROR, GEOMETRY SPECIFIED INCORRECTLYes)

FORMAT(83H * CROSS SECTION WOMOGENIZATION USING FLUYES AND ACJOINT
1S FROM PRECEEDING PHOBLEM )

FORMAT(1H1,12A6,12)

END LINK 1

SUBROUTINE SEARCH

COMMON/AL/LL(250),E(17438),CC(6),NN(21),NR,LC,NA,NOF,LF,NAF,1,J,
1K,L,MyJ1,02,J3,04,05,M1,M2,M3,M4,M5,M6,M7,SOME, SUM, AJ, 81,52,%0L,
2LGO,NCE, AN, IT,XPT (1> ), IDIM, TUDIM, ILDIM,NPI,EIGM1,EIGEN,EIGENL,EIQ
SEN2.NEXT.K3.HM5.II!.HH4.KI.KQ.NCTR:PONR2(189).POuRJ(lQO).SC(lso,Ze
4)0XK(3)y)VX(3)sTIMEBEG,OUTCON, SEARCON, EIGH3, SCFLUX(150,26), 11,
SEM1,MATNO(20), ISET,PROBT(12), 1SAVE+ELOWER(27)

DIMENSION I1(40),MIR(40),DELR(40),PONRL(189),EMU(22),ALPHA(2526),
1DELTA(22,26),SVM(189,26),5S1GT(26,25),5S1G5(26,25),S16S1(26,25),VUS]
2G(26425),CH](26,25),5TR(234,25),8TR1(25,25)syINV(26,25),LHGP!26),
SLHREG(6),CONC(40),MIX(40),MTIx(¢20) ,NTMIX(20),GAMMA(10,2,26),EUCK(
426,25),BETA(2,26),LRATE(25)

EQUIVALENCECLL (1) amMAx), (LLC2) . gMax)a (LLE3) A NGR) » (LLCA) an) s (LL(5),
1NDS),(LL(6),NPS),(LL(7),N0T),(LL(8).’TOUTQ,(LL(Q,,LCO),(LL(IO),NlK

2)2tLL(11),LPG), (LL(12),IDP), (LL (43?4 MUTEST),(LL(14),JSP),(LL(L5),N
SM[x);(LL(16):MM1x).(LL(17).xngg).(bL(ie).Nsos).(LL(19).Nros)t(LL(
420),KITL), (LL(21), 1HUK), (LL(22),MADJy, (LL(23),MFR), (LL(24), BE), (LL

5(25), IEXOP), (LL(26)»11), (LLC&E) JMIR),(LLULD6),MIX), (LLC14g)/*TIX),
OCLLCE166) »NTMIX) 2 (L LC186)aNHGPY» (LL{18B7) s NHREG)» (LL(188),LHREG)
7(LL(198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226),LRAT-)
EQUIVALENCE(LL(220)sNFREG), (E(1),EPS1),(E(2),EPS2), (E(3),EPSY), (E(
14)sFAC) s CE(5) s THETA) » (E(6) 4 SEND + (E(T)2SGES) » (E(B)RR)» (R L) A XIN) 4 (
2E(10),DELR), (E(50),S1GT), (E(700),SIGS), (E(1350),51651), (Ec2000),Vy
3S1G), (E(2650),CHI), (E(3300),STR), (E(9150),STRL), (E(9775),VINV), (E(
410425),ALPHA) 2 (E(10477),BETA) . (E(10529),GAMMA), (E(11049)4DELTA) 4 (E
5(11621),EMU), (E(11643),CONC), (E(11683),POWRL), (E(11872),BUCK), (E(
612522),SVM)

DIMENSION ALL(700)

COMMON/2/1LL(700), IRECNO¢20),N1G(¢20),NEG(20)
BANK(1),LINK1,/A1/,SEARCH, SCHECK

COMMON/A2/EE (1300)

DIMENSION SIGFIS(26,25),8I1GFIv(s5 ),SIGCAP(26,25),S1GCAV(650)
EQUIVALENCE (EE(1),SI1GFIV,SI1G6FIS),(EE(651),SIGCAV,SIGCAP)
BANK(0),/72/,/A2/+ INPRoMIXX

EQUIVALENCE (ILL(1),ALL(1))

NSOS=NSO0S

NFOS=NFOS

KREG=KREG



VXMaVX(3)
1F(SEARCON)1,1.,2
IFLJSP=1)3,:8,5
xK(2)s51
VX (2)2CONC(NSOS)
VX(3)38GES
CONC(NS0S)=SGES
SEARCON=1,
IF(NF0S)69,69:4
69 RETURN
4 CONC(NFOS)=CONC(NFOS)=RRe(VX(3)eVX(2))
GO TO &9
5 xk(2)sgy
VX(2)sDELR(KREG)
VX(3)=2SGES
DELR (KREG)®SGES
SEARCON=1,
GO TO 69
2 XK(3)sS1
IF(SEARCON=2.)10,11s1
10 VXIsC(XK(3)=SEN)*VX(2
IF (vxl) 22,22,21
22 IF (XK(3)wSEN) 25,30,24
24 IF (VX(3)eVX(2))27.,75:26
26 yX(3)avx(2)
XK(3) = XK(2)
27 vX]3,2+yX(3)
GO TO 150
25 IF (VX(3)eVX(2)) 28,75,29
28 VX(3)=aVX(2)
XK(3)=xK(2)
29 vyxla5,evX(3)
GO TO0 150
30 vx1s1,01%yX(3)
GO TO 150
21 SEARCON=2,
150 IF(JSP-1)15,15,16
‘15 CONC(NSpS)=VX]
17 IF(NFOS)71,71,18
18 CONC(NFOS)=CONC(NFOS)~RRe(CONC(NSOS)eVXM)
GO 1o 71
16 DELR(KREG)=zvyx!
GO 1O 74
11 XKG=(XK(1)*XK(2)+ABSF(XK(1)eXK(2)))/2,
XKLz (XK(1)+XK(2)=ABSF(xK(1lyexk(2)))/2,
13 XKA=((XK(2)#XK(2)aXK(I)#XK(3))eVX (1)@ (XK(Z)*XK(3)mXK(q)wXK(L))WVX(
1 2)¢ (XK (1) XK (1) =Xk (2) 90Xk (2))*Y X)) /(2 w((XK(2)mXK(3))#\, X(1)e
2 (XK(3)@XK(L1))#VX(2)a(XK(1)aXK(2))0VX(3)))
IF (XK(3)=SEN)80,12,90
80 IF(XKG-SEN)B83,12,12
83 IF (XKAeSEN)62,12,12
90 IF (XKL=SEN)12,12,91
9% IF (XKA=SEN)12,12,62
12 ABla

i

1
Y+ (SEN®XK (2))*VX(3) )/ (Xk(3)=XK(2))

1 (SENaXK(2))#(XK(I)vSEN) /¢ (XK({)=XK(2))w(XK(3)aXK($)))
ABRE(SEN-XK(L1))w(XK(I)=SEN)/(EXK(1) o XK(R) ) lyK(2)aXK(3)))
ABS(SEN-XK(1))a(XKE2)=SEN) /¢ (XKE3I-XNC2)) % (XK(1)axK(F)Y))
J0T5A3 e /(L) +AIRwVA(2) +AB3aVX ()

IFv/KT, 3¢,62,159

62 BEancune],
1F(xK(3)-SEN)63,12,64

63 XK(2)=XKG



64
65
!
72
81
82

75
500

IF(XK(1)=XXG)10,65,1
XK(2)=zXKL
IF(XK(1)-XXL)1g,65,1.
VX(2)=Vx(y)

GO ;o 10

DO 72 1g1,2

VX(I)aVX(]eg)

XK(p)eXk(1e1)

1F(JSpP-1) B1,81,82

VX(3)3CONC(NSOS)

GO0 To 69

VX(3)3DELR(KREG)

GO 10 69

PRINT 500

FORMAT (/86H SEARCH FAILED, TW0 CONSECUTIVE SEARCH GUESSES ARE EQU
1AL,CHECK SECOND GUESS )

CALL EXIT

END

SUBROUTINE INPR

COMMON/A1/LL(250),E(17438),CC(6),NN(21),VR,LC,NA,NOF,LF,NAF, 1, J,
1K:LoN.J1.J2.Js.Ja,Js,Ni.Nz.Na.N..HS.Ne.Mr.SOME.SUH.AJ,91.sa.VOL.
2LGO,NCE,AN»IToXPT (15 ), IDIMsTUDIM, ILDIMJNPIAEIGML,E1GEN,EIGENL,EIG
3EN2,NEXY,K3,HN5,l]l,MH‘,Ki,KZ.NCTﬂ.POuR2(159),POuRngaO),sc(lso,zo
4),XK(3),VX(3), TIMEBEG,OUTCON, SEARCON,EIGH3, SCFLUX(150,24), 1JK1,
SEM1.MATNO(20), ISET,PROBT(12), [SAVEIELOWER(27)

DIMENSION 11(40),MIR(40),DELR(40),PONRL(189),EMU(22),ALPHA(2)26),
1DELTA(22,26),SVM(189,26).,516T(26,25),S1GS(26,25),51GS1(26,25),VUS]
2G(26425),CHI(26,25),STR(234,25),8TR1(25,25)syINV(26,28),LHGP(26),
3LHREG(6).CONC(‘O),H!X(‘O),MTIX(?ﬂ).NYMlX(ZO),GAMHAclo.Z.Ze),EUCK(
426+25)4BETA(2,26),LRATE(29)

BEQUIVALENCE(LL (1) ,MAX), (LL(2),JMAX)» (LL(3),NGR), (LLC4)aND, CLL(5),
ANDS),» (LLC6) ,NPS), (LL(7),NOT), (LL{B),ITOUT), (LL(9),LE0)s(LLCLE),MIK
2) 2 (LLC11),LPG), (LL€12), I1DP), (LL(43) ,MUTEST) s (LL(14),JSP)s (LLIL5),N
JHlX)v(LL(lb)nMMlx).(LL(17).KHFG).(LL(18).N50§).(LL(19)1NVOS)|(LL(
420),K1T1), (LL(21), 1BUK), (LL(22),MADJ), (LL(23),MFR), (LL(24), BG), (LL
5(25), IEXOP), (LL(26), 11y, (LL(66),MIR), (LL(106),MIX), (LL(146),*TIX),
OC(LL(166) NTMIX) ,(LLC186)sNHGP )Y, (LL(187),NHREG), (LL(188),LHREG),
7CLL(198),LHGP), (LL(224),LFREG), (|L(225),NRATE), (LL(226),LRATE)

EQUIVALENCE(LL(220),NFREG), (E(1),EPS1),(E(2),EPS2), (E(3),EPSI), (E(
14).FAC) ) (E(5) s THETA) , (E(8) 4 SEN) 4 (E(7),SGES) s (E(B),RRY . CE(9) s A IN) ot
22(10).DELR).(E(SO).SIGT);(E(?DO);SIGS).(E(1350).Slnsi).(E(?DOO).VU
351G), (E(2650),CHI), (E(3300),8TR), (E(9150),STR1), (E(9775),VINV), (E(
410425) 4 ALPHA) » (EC109477),BETA) . (E(10529),GAMMA) . (EC(11049) 2 DELTA) 4 (E
5(11621),EHU),(E(11643),CONC).(E(11653),P0HR1),(E(11872),BUCKJ,(E(
642522),5VM)

DIMENSION ALL(700) :

COMMON/2/1LL(700), IRECNO¢20),N1G(20),NEG(20)

BANK(4),LINKy,/A1/,SEARCK, SCKECK

COMMON/A2/EE (1300)

DIMENSION SIGFIS(26,25),SIGFIv(eS ),

EQUIVALENCE (EE(1),SIGFIV,SIGFIS), (E

BANK(0)a/2/4/7A27+ INPRIM] XX

EQUIVALENCE (ILL(1y,ALL(1))

PRINT 500
PRINT 501,1GsMAX» JMAXsNGRsNDS.MUTEST/NsLPG,LCO.NOTANMIX,IDP,TTOUT

PRINT 600,NPS,MMIX, JSP,KREG,NSOS,NFOS

PRINT 526, IBUK,NRATE,NKGP, NHREG

PRINT 502,EPS1,XIN,THETA.FAC

PRINT 601, SGES,SEN,RR

PRINT 503

PRINT OUT REGION DATA

DO 2 I=1,JMAX

SIGCAP(26,25),S1GCAV(650)
E(651),SIGCAV,SIGCAP)



{f2

21
22

20

v

~N O

0

10

11

29

28
26

33
25

3

o

31

34
27

1 ]
gﬂ‘h&‘;oq.I,HlR(l).K.DELR(I).XPT(K’
PRINT OUT ANGULAR DATA
PRINT 505
DO 3 1=1,J1
PRINT 506,1,EMUCT)

PRINT OUT MIXTURE DATAs» IF ANY

IF(NMIx)6,6,4
PRINT 507
Dg 5 !’1'NH£X
IF(CONC(1y)22,21,22
IKzgH MIX,

GO 10 5
DO 20 Jsi,20
TF(MIXCI) ,NE.NTMIX(J)) GO TO 20
1K=MATNO ()

GO 10 5
CONTINUE
I1K=6H
PRINT 508, 1,MIX(I),CONC(1), 1K
GO TO 7
PRINT 509
DO 8 1=1,NGR
DO 8 J=i,MAX
IF(SVM(Ja1)) 94849
CONTINUE
PRINT 510
GO TO 11
PRINT 511
M2zMAX e JJMAXm1
DO 10 !=1,NGR
PRINT 512,]

PRINT 513, (SVM(J, 1y, Ja1,M2)
PRINT OUT BOUNDARY CONDITIONS
PRINT 514
IF(MFR,GT,0)PRINT 525
DO 25 ley,NGR
DO 26 J=1,2
IF(BETA(J, 1))27,29,27
DO 28 K=1,10
IF(GAMMA(KsJs1))27,28427
CONTINUE
CONTINUE
DO 33 Kz1,J1
IF(DELTA(KpI))27n33027
CONTINUE
CONTINUE
DO 30 I=2,NGR
!F(ALPHA(;,l),NE.ALPHA(1,1.11)30 T0 34
IF(ALPHA (2, 1) \NE.ALPHA(2,1=1))G0 TO 31
CONTINUE
PRINT 527,ALPHA(1
el LPHA(L1,1),ALPHA(2,1)
PRINT 528
DO 34 lel,NGR
PRINT 529,1, (ALPHA(K, 1), ,Kaq,2)
CONTINUE
GO 10 32
DO 12 1s1,NGR

PRINT 515,I.(ALPHA(K.I).n=1,;a.(BETA(K,1>,K-1.3).((GAMNA(K.J}l).

1J%1,2),K=1,10)

K=1



69

[
NN

17
18

13

14

15

100

101
604

605
16

603
500
501

502

503

504
505
506
507

bRY? : '
RINT 524,L,K,DELTACL, 1), DELTA(K, 1)
KEK*1

Leled

IF(K=J2) 69,69,12

CONTINUE

PRINT 516

BSORD=0,0

Ir(lBUK,EO|1)BSQRDIBUCK(1.1)

DO 16 M1=1,25

DO 17 Jal, JMAX

K=MIR(J)

IF(K,EQ,M1) GO TO 18

CoNTINUE .

GO Y0 16

PRINT 517,K

IF(1BUK,EQ,2)BSQRD=BUCK (K, 1)

DO 13 [=1,NGR
IF(1BUK,EQ,3.0R, IBUK, ED,3)BSORDBUCK(T, 1)
IF(IBUK,EQ, 4)BSQRD=HUCK (I, K)

PRINT 518,14SIGT(1,K)»SIGS(1,K),SIGSLCI k), VUSIG(I k) . CHICT oK),

18SORD

1F(NDS)100,170,14

PRINT 519

M=

DO 15 l=3,NDS

LENGR«]~1

M7= +M

PRINT 520,1,(STR(M&,K),MbaM,M7)

M & 26eM~]

PRINT UPSCATTER MATRIX IF NECESSARY
IF(NPS)16,16,101

PRINT 6404

FORMAT(9X,15HP~1 DOWNSCATTER)

MaNGR=1

PRINT 605,(STRi(I,K),lal\M)
FORMAT(5E18,6)

CONTINUE v
PRINT 521

AC68=(TIMEBEGe TIMELEFT(AC68))e,001
PRINT 603,AC68

RETURN

FORMAT(7X, 4HTIMEF9, 3)

FORMAT (2X,25HINPUT DATA weesasspetnons)
FORMAT (5X,23HGEOMETRY INDICATOR #%e«]3/5X,23HNUMBER OF POINTS wwe

lewe]3/5%,23HNUMBER OF REGIONS weew*13/5X,23HNUMBER OF GROUPS wewwe
2%13/5X,23HDOWNSCATTER GROUPS wewe13/5X,23HANGULAR APPROXIMATION o]
33/5X 1 23HANGULAR INTERVALS wewes]3/5X,23HPOWER GUESS OPTION wiee]3/
;!x.zaucowvsnceucs OPTION wewe13/8%X,23H0UTPUT OPTION ewewe

w13/

5x,23HELEMS, IN MIX, VECT. ««[3/5X,2

63HINPUT PRINT OPTION waww[3/5%,23HITERATION MAXIMUM eavee]3)

FORMAT (1HO,4X,23HEPSILON seeswenerevwene, E12. 5,59y,

123HINITIAL RADIUS weewsnee,
2

E1245/5X,23HEXTRAPOLATION FACTOR *eE12.5/5X,23HNORMAL]ZA

3TION FACTOR #«E12,5)

FORMAT (////1X,11HREGION DATA//7X,6HREGION,7X,sHREGION,8X,7HFAXIMU

1My 7X+5HDELTA»6X,5HOUTER/8X , 3HNO . ,8X ,BHMATERIAL ,5X,14HPOINT INDEX,7
2x,1HR, 8X, 6KRADIUS)

FORMAT(8X,12,12X,12,12X,13,5%X, 2E12,5)
FORMAT(////2X+12HANGULAR DATA)
FORMAT(6X,2HMUI2,1H», E12,5)
FORMAT(1H0,2X,12HMIXTURE DATA)



74

’ 3 B, 1He, 3%, A6

303 FORMAT{EN0I 3 8a kR K r0ABS® 1 BE FoRmbo)

510 FORMAT(3Hp,2X,24HNO FIXED SOURCE INPUT)

511 FORMAT(1H1,2X,18HFIXED SOURCE INPUT)

512 FORMAT(1HO,3X, 6HGROUP I4,6H wwweww)

513 FORMAT(6X, 10E11,4)

514 FORMAT(1H1,2Xs»32HBOUNDARY CONDIT]JON SPECIFICATION)

515 FORMAT(1HO0,4X, 6HGROUP 12,6H wewww, X, BHe«LEFTow, 6X, 9HevRIGHT*#//6X
1,12HALPHA wewwww,8X,E12.5,5%X,F12,5/6X,12HBETA wweweew,B8%,F12:45,5X,
2 E12,5/6Xs12HGAMMA *wwwwu/By, 104 =0 vwwwow,B8y,g12 5,5¢)F12,5/8%xs10
3HLzl wwwwws,B8X,E12,9,5%,E12,5,8x,10H. 22 swwwaw, 8x,E12 5 5x,E22,5/8
4X,10HL=3 wwwwww,B8x,E12.5,5%X,E12.5/8X,10HL =4 wwwwww,B%X,E12.5,5X,E12
5,5/8X110H 55 #wewww,BX,E12.5,5X,F12,5/8Xs10H 36 weowewsgX,ELC:5,5%
6,E12,5/8X,10HL=7 wwwuws,8X,E12,5,5X,E12,5/8X,10HL a8 wewswe,8%,E12,
75,8X,E12,5/8X,10HLeY %awwwe,B8X,E1215,5X,E12.8/6X,12HDELTA ewtwrw)

516 FORMAT(1H1,2X,18HCROSS SECTION DATA)

517 FORMAT(///4X,11Hewwnwnawwwe/3x,9H+MATERIAL, IS, 1He, By, 7HeS1GMAs, 6X,
19HwSIGMA Se,4X,9HeSIGMA Sw,qX,1nH*NU=SIGMAw,3X, 9H«FISSIONw, 4X,10Hw
2BUCKLING*/4X 1iHwwwwumuwawe, 6%, 7H*TOTAL*»6Xs9H* ZERD *,4X,9F* ON
3E  w,4X,9H+FISSIONw,4X,10HeSPFCTRUMe)

518 FORMAT(7X,5HGROUPI3,3X,6(1X, E12.5))

519 FQRMAT(1H0»3Xs15HTRANSFER MATRIX)

520 FORMAT(9X,9HDOWN#*#e* [2/ (5E18,6))

521 FORMAT(1Hp,3X,18HEND OF INPUT PRINT)

522 FORMAT(1H1,5X16HFISSION SPECTRUM)

523 FORMAT(6X,10HGROUPw#ww 12, (6E13,5))

524 FORMAT (7x,3HMU(I2,2H)(12,2H)#,BX,E12,5,5X,E12.5)

325 FORMAT(1HO0,17X,27HPERINDIC BOUNDARY CONDITION)

526 FORMAT(5X,28HBUCKLING INPUT OPTION w13/5X,23HNO. OF REAGTION RATES
1 #13/5X,23HHOMOGENIZED GROUPS www#13/5X,23HHOMNGENIZED REGIONS wwe
213)

602 FORMAT(9X,BH UPwws 11,5(2Xx, E12.5))

600 FORMAT(5X,23HP1wDOWNSCATTER wewews*w[3/5X,23HTAPE ELEMENTS woewwee
le*]13/5X,23HSEARCH OPTION #wewwewws]3/5X,23HSEARCH ZONE #wwentnswwe
213/5X,23HSEARCH POS, IN MIXwwwws13/5X,234 FILL POS, IN MIXewsws I3

3)

601 FORMAT(5X,23HSECOND QUFSS wwwwwwes®s, E12,5/5X,23HEIGENVALUE DESIR
1ED wwww, E12.5/5X,23HSEARCH RATID *wwawwsewww, E12,5)

527 FORMAT(1Hp,4X,22HALPHA FOR ALL GROUPS = Eg92.,5,91H LEFT, AND E12,5
1,6H RIGHT)

528 FORMAT(1H0,4X,11HALPHA wewes, 12, BHesLEFTaw, 6%, IHeeRIGHToa/)

529 FORMAT(5X,8HGROUP 12,14X.,E12.5,5%,E12,5)

END

SUBROUTINE MIXX

COMMON/AL/LL(250),E(17435),CC(6),NN(21),NR,LC, NA, NOF, LF,NAF, 1,J,
1K,L,M,J1,J2,J3,J4,05,M1,M2, M3, Ma, M5, M6, M7, SOME, SUM, AJ, S1,52,V0L,
2LGOsNCE, AN/ IToXPT(15.),IDIMsIyUDIM, ILDIMsNPI+EIGML+ET1GEN,EIGENLLELG
3EN2,NEXT.K3,NM5.1ll.MHd,Kl,KQ,NCTR.POHRZ(189),PONR3(189).SC(15U.26
4),XK(3),VX(3), TIMEBEG,OUTCON, SEARCON, EIGY3, SCFLUX(150,26),1JK1,
SEM1,MATNO(20), ISET,PRORT(12), [SAVE+ELOWER(27)

DIMENSION 11(40),MIR(40),DELR¢4N),PONRL(189),EMU(22),ALPHA(2526),
1DELTA(22,26),SVM(189,26),S1GT(26,25),5165(26,25),51G6S1 (26,251, VUS]
2G(26,25),CHI(26,25),5TR(234,25),5TR1(25,25)svINV(26,28),LHGP(26),
SLHREG(6),CONC(40),MIX(40),MT1x(20) s NTMIXC20),GAMMA(10,2,26) JEUCK(
426,25),BETA(2,26),LRATE (25)

EQUIVALENCE(LL (1), MAX), (LL(2), JMAX)» CLL(3),NBR)» CLLC4) aND» (LL(5) s
1NDS),(LL(b).NPS).(LL(7),~077.(LLce).ITDUT).(LL(9).LCO).(LL(1 Yo MIK
235 (LL(11),LPG), (LL(12),1DP), (LL(13),MUTEST) s (LL(14),JSP), (LL(15),N
3HIX):(LL(ib)-MM[x).(LL(17).KR;G).(LL(18):NsOs).(LLCJ9)1NFOS)'(LL(
420),K171).¢LL(21).rHuK).¢LL<2?).MADJ>,(LL(ZS).MFR);(LL(?‘).nG).(LL
3¢25), TEXOP), (LL(26),11), (LL(66),MIRY, (LLC106),MIX), (LLC146), TIX),
BCLLUI66) »NTMIX) 4 (LLC186) sNHGP )Y, ('L (187) s NHREG) » (LL (188) »LHREG) »



5000
700

B

®N o uwnN

799
10

12
11
13
16

18
19

20

21
22

201

~
w

7 Py, - .
EbbiDRERNEETTL ¢Sy 1 %RAAERTTERY: (L EAR2D) (IRATELRLLY (30825 BALE ), e
Il)nFAC);(E(s),rHEy‘).(E(Q).sEN).(E(7).SGES)J(E(e).np).(pto),’[N)o(
ZEilol,DELR).(E(50),SIGT).<E(700)}SIGS).(5(1350).Slosl)n(E(ZOCO)oVU
3s G):(5(2650).CHI),(E(JJDO).STR).(5(91503.57n1).(E(977!).VIN‘).(E(
410425).ALPHA).(E(1DQ77).BETA).(E(iO§29)n0AMHA).(E(1104°)nDEL;A):(E
5(11621).EMU).(E(11643).CONC).(E(11683).POHR1).(5(11872).9UCK ' (EC
612522),SVM)

DIMENSION ALL(700)

COMMON/2/1LL(700), IRECNO¢20),n1G¢20),NEG(20)
BANK(1),LINK1,/A1/,SEARCH, SCHECK

COMMON/A2/EE(1301)

DIMENSION SIGFIS(26,25),51GF1v(65°),SIGCAP(26,25),S1G0Av(650)

EQUIVALENCE (EE(1),$1GFlv,SIGFIs), (EE(651),SI1GCAY, SIGCAR)
BANK(O)4s/2/,/7A2/ 1 INPRIMIXX

EQUIVALENCE (ILL(1),ALL(1))

NMIx=NMIX

REWIND 11

IF(LGO)B00,5200,5000

IF(MMIXx)800,800,700

PRINT 506

LIB=11

REWIND LIB

MAX[GzMAXEG=0

IF(UNIT,L18)1,2,3

PRINT 4

FORMAT («0EOF OR PARITY ERROR ON LIB TAPEe)

CALL GBQERROR(0,4HBUG.)

BUFFER IN (LIB,1)CILL(1) ILLRY)

IF(UNIT,L1B)5,6,3

Kis[LL(1)e1

BUFFER IN(LIBs1) CILLCL),ILL(KY))

IF(UNIT,L1B)7,8,3

DO g0 I3=2,K1

IFCISET, EQ.ILL(I1))9,10

K2zl1lael

BUFFER IN(LIB,1)(k3,k3)

IFCUNIT,LIB)799,11 .

CONTINUE

PRINT 12

FORMAT(«0CANT FIND SET IDw)

CALL QBQERROR(D,4HBUG,)

K33k2~y

DO 13 I1=1,K3

CALL SKIPFILE(LIB)

BUFFER INCLIB»1)CILLCLY ILLEB)Y)

IF(UNIT,L1B)16,17,3

IFCISET,EQ,ILL(1))20,18

PRINT 19

FORMAT(«OFOUND WRONG SETe)

CALL QBQERROR((,4HBUG.)

NGRE=ILL (4)

MsILL(5)

K3:3'NGR02

BUFFER IN(LIB21)CALL(L) ALL(KS))

Kla2eM

K332+«NGR+2

IF(UNIT,LIB)Y21,22,3

DO 201 [i=1,NGR

ELOWER(I1e1)=ALL(I1e1)

DO 201 [2s1,MMIX

VINVCIL,NTMIX(12) )1, ZALL(]1eK3)



76

27

280
28

283
282

284
286

121
122
123

101

31
281

32
331
15

332
34

35
36

37

LGL)y . g
LB ) (L1 s LEC UK
23.24,3
MIx
DO-g8 lg
IF(MATNOC
CONTINUE
PRINT 27,MATNO(11),11,12

FORMAT (37HOTHIS MAT NOT IN CROSS SECTION SET - ,A6,216)
CALL QBGERROR(0,4HBUG:)

NEG(I1)slLL(I2+M)

CONTINUE

1CON130

DO 282 I1=z1,MMIX

1CON=100000

DO 283 121 MMIX

1F (NEG(12),LE,ICON1) GO TO 283
IF(ICON,LT,NEG(I2)) GO TO 283

1CON=NEG([2)

NIG(Il)=12

CONTINUE

JCONL1E1CON

IRECNO(11)=1CON

K4agq

DO 52 K531sMMIX

1=N1G(K5)

IFLAGep

DO 284 ]JK131,NRATE

IF(MATNO(1) ,EQ.LRATE(IJKL) ) IFLAGs]1JKY
CONTINUE

DO 121 JS1,NGR

SIGY(J,NTMIX(1))=0,

SIGS(J,NTMIX (1)) =g,

SIGS1CJANTMIX(]))=0,

CHI(J,NTMIX(1))=0,0

VUSIG(J,NTMIX(I)) =g,

Do 122 J=1,234

STR(J,NTMIX(1))el,

DO 123 J=1,25

STR1(JANTMIX(1))=0,0

DO 101 12=1,20

NEG(12)=0

KB8=]RECNO(K5)*K4

DO 281 1J=1,K8

BUFFER IN (LIB,1)(ILL(1),ILLE1))

K43K4+1

IF(UNIT,L18)31,281,9

CONTINUE

BUFFER INCLIBs1) (ALL(1),ALL(17))

K4=K4e1

IF(UNIT,L1B)32,331,9

PRINT 15, (ILL(J)»JEl,10) uNTMIX(T)
FORMAT(5X,46,9A8,5%,2Hew 13,2Hee)

DO 332 l2:2,8

ILLtr2)=1LLt12+9)

IF(ILL(4))37,391,35

PRINT 36

FORMAT (*0GROUP DEPENDENT F "
CALL QBQERROR(0,4Haug_, 1SST1ON SPECTRUM®)
K3=NGR+g

BUFFER IN(LIBs1)CILL(9), (

iy L TLL(K3))

CEQ.ILL(I2))G0 To 280



38 Fcuva LIS)SB 331,
381 DO 382 1324,
382 cultrz.Nrnxx(l)) SALL(]2+8)
39 KK=14
GO 1O 49
391 kK=12
40 ILELsILL(S)+1
ILINSILL(6) g
TLN2NBILL(7)+1
49 K3=KKe3e (ILEL+ ILINGILN2Ny
DO 49¢ J=g,NGR
BuFrER INCLIBa L) CILL(9)Y S ILL(K3))
K4aKdel
420 IF(UNIT,LIB)420,430,3
430 IFllLEL-Eo-U) GO 7O 4300
JKz=KKe [LEL+1
ILSIGEL=IKsILEL
IGEL=JLL(IK)
IFEL=ILL(KKe1)

4300 IFCILINGEQD) GO To 4304
IK=KKe3e JLEL+ILINe1
ILSIGINsIK«]LIN
IGIN=ILL(IK)

IFINSILLCIKILIN)

4301 IFCILN2N,EQ,0) GO TO 4302
IKZKK*3o (JLEL*ILIN)*ILN2N®1
ILSIGN2Ne I Ke ILN2N
IGN2N=ILL (1K)

IFN2N=ILLCIK=ILN2N)

4302 IF(NDS,LT,IGEL) NDSaIGEL
IF(NDS,.LT,IGIN) NDS3IGIN
IF(NDS,LT,IGN2N) NDS=IGN2N
IF(NDS,GT,12) PRINT 48n
IF(NDS.GT,12) NDS=12
JFCIFRL, GT 0) PRINT 481

480 FORMAT(#0 THIS SET HAS MORE THAN 12 DOWNSCATTERS, ExCESS ARE IGNOR
1EDw)
481 FORMAT(%0 THIS SET HAS UPSCATTER, WHICH IS BEING IGNORED®)
IFCIFIN,GT,0) PRINT 484
XF(!FNZN GT+J) PRINT 481
488 sIGY NTMIXC(I))=ALL(1n)
TFeIFLAQ, GT10)81GCAP (J, IFLAGY ALL (14)
xFHLLH) L7.0)472,473
472 yUSIG(J,NTMIX(I))=ALL(13)yALL(14)
lF(lFLAG GT,0)SIGFIS(J,IFLAG)=ALL(13)
473 HZ'XFEL‘IGEL
IF(M2,GT,0)M2=M2+1
M3=zIFINeIGIN
IF(M3,GT.0) M3=M3+1
M4=FN2Ne IGN2N
IF(M4,GT,0)M4=Ma+1
KBEM2eMIeM4
1F(K8,G7.0)112,111
111 K8=7
112 M5%K3*1
K8=M5+¢1+K8
BUFFERIN(LIB,1) CILL(M5), ILLtKS))
KdmKdey

113 IF(UNIT,LIB)113,114,3

114 [F(M2,EQ.,0) GO TO 1319
SIGSC(JINTMIX(I))=ALL(MS+IFEL+1)eALLCILSIGEL)
DO 118 M7=1,IGEL



78

117

118
119

124
125

LF (M7,GT,12) GO TO 119
1=25

K20

DO 117 M9z2,M7

K2=K2+Ky

K13Ki+1

Kl=K2eJ

STR(K1,NTMIX(1))= ALL (M3+M741FEL+1)«ALLCILSIGEL)
IF(M3,EQ.0) GO TO 126

SIGS(J,NTMIX(1))=S1AS(J,NTMIX (1)) +ALL(M5eM24TFINa1)oALL(ILSFRIN)

DO 428 M7=4,IGIN

IF }M7-cr.12> G0 TO 126

Kiz25

K2=9

DO 124 M9E2,M7

K2zK24K1

Ki=Kieq

Kizg2ey .
STR(KL,NTMIX(I))=STR(K1,NTMIX (1)) +ALL(MBeM7eM24FINsl)®

LALL(ILSIGIN)

126

IF(H‘-EQrU) GO Y0 147
SIGS(J,NTMIX(1))=SIGAS(J,NTMIX(1))+ALL(M5¢M24M3+[FN2Ne1) e

1ALL(ILSIGN2N)

128
129

DO 129 M7=1,IGN2N

IF (M7,G67,12) GO To 127

K1=25

K2=0

DO 128 M9%=2,M7

K2=K2+K1

K1=K1=1

Ki=K2eJ

STR(KL,NTMIXC(I))SSTR(KL ,NTMIX(I))+ALL(M7eME+M2+MI e IFN2Ns1)»

LALLCILSIGN2N)

127

1143
130

131
132
133
134
135
136

137
138

139
140
141
142

1420

IF(M2+M3+M4 GT,0) GO TN 1143
IFCILEL,GY,0)SIGS(JyNTMIX(I))eALLC(ILSIGEL)
TFCILINGGT0)SIGSCYaNTMIXCI) ) =S1gSEUaNTMIXCI) ) oAl CILSIGIN)
IFCILN2N,GT,0)SIGS(J,NTMIX(1))=SIGS(J,NTMIX(T1))+ALL(ILSTGN2N)
IF(ILEL,GT,1)130,131 )

M2ZILL (KK*2)+ILL (KK*TLEL*2)*1

GO 10 132

M230

IFCILIN,GT,1)133,134
M33ILLCILSIGEL*ILEL*1)*ILLCILSIGEL*ILEL*ILIN+1)*1

GO 710 135

M3I=0

IF(ILN2N,GT,1)136,137
Ma=ILLCILSIGIN®ILIN®1)+ILLC(ILSIGIN®ILINGILN2N1) g
GO TO 138

M4=0

K8=M2eMI M4

IF(KB,EQ.0)496,139

K8zM54KB841

BUFFER IN(LIB,1)(CILL(M8),ILL(KB))

K4=K4+1

IF(UNIT,L1B)140,141,3

EM=0,

IFCILEL \GT41)142,148

IF(M2,6GT,1) GO TO 1420
SIGSL(J,NTMIX(1))=ALL(ILSIGEL+1)

EN120,0

GO 70O 1421

Mb=ILL(KKe2)



5;%51(J.NTMIX(1))-ALL(~5.M5.5).ALL(lLSIGELoxy

STRLICJaNTMIXCII I Zp | (M5+M642) wa | (ILSIGEL*L)
EN1aSTRL(J,NTMIX(1))
1421 EM=ALL(ILSIGEL#1)»SIGSy (J,NTMIX(]))=ENg
IF(M2,LE«2)EM=0,
143 IF(ILIN,GY, 1)144,145%
144 I1F(M3,G%,4) GO TO 1440
EN®ALLCILSIGIN®L)
SIGSLI(J,NTMIX(I))=SIGSI(J,NTMIX (1))
ENy=0,0
GO TO 1441
1440 M6=ILLC(ILSIGEL#ILEL*1)+ILL(KKsTILEL®2)eMbe1
ENZALL(M54M6+1)«ALLCILSIGINGT)
SIGSL1(J)NTMIX(I))=SIGSI(JsNTMIX(]))*EN
ENL1zALL (M54M642)«ALL(ILSIGINeT)
STRLCJ,NTMIX(I))=STRL(J,NTMIX(1))+ENL
1444 EM=EM®ALL(ILSIGIN®1)-EN-EN1
145 IF(ILN2N,GT,1)146,147
146 1F(M4,G7,1) GO TO 1460
EN=ALL(ILSIGN2N+1)
SIGSL(J,NTMIX(I))=SIGBSLC I, NTMIX(]))EN
ENg=0,0
GO To 1461
1460 M6aILL(ILSIGINSILIN®1)«ILL(ILSIGIN®ILINe1)+M6Ea1
EN=ALL(M54M6+1 ) wALL(ILSIBNDNeq)
SIGSL(JANTMIX(I))=gIGS1CUsNTMIXL]) ) SEN
EN1sALL(M5eM62)«ALL(ILSIGN2N+1)
STRYECJANTMIXCI))=STRY (U, NTMIX (1)) +ENY
1461 EMZEM*ALLCILSIGN2N#1)~.5e(EN+ENT)
147 SIGT(J,NTMIX(1))=SIAGT(J,NTMIX(]))~-EM
SIGSC(JANTMIX(I))=STGS(U,NTMIX (1)) ~EM
EM=0 0
TFCCILEL «LTo3) o AND. CILINSLT.3).ANDs CILN2N.LT. 30060 TO 496
DO 148 MB=3,ILEL
148 EM=EMeALL(ILSIGEL+MB-1)
DO 149 M8=z3,ILIN
149 EM=EMeALL(ILSIGINeMB-1) »
DO 3150 MB=3,ILN2N
150 EM=EMeALL(ILSIGINeMB=1)
SIGT(J,NTMIX(I))=SIAT(J,NTMIX¢
SIGS(J,NTMIX(I))=STIGSCU,NTMIX ¢
496 CONTINUE
52 CONTINUE
REWIND LIB
800 1F(NMIX)50,50,1000
15 THERE AKY MIXING REQUIRED, IF NOT, RETURN
IF THERE IS MIXING, MIXTURE VECTOR MUST WAVE AT LEAST TwO ELEMENTS
1000 IF(NMIXe2)1031,4002,1002
1031 pRINT 501
NCE=1
GO 10 5p
c FIRST VECTOR IN CONCENTRATIONS MUST BE ZEROs LAST MUST nOT
1002 IF(CONC(1))1003,1021,1003
1024 IF(CONC(NMIX))4,1003.4
1003 pRINT 502
NCE=1
GO TO0 50
4 DO 300 I1=1,NMIX
IF(MIX(I)e25) 300,300,304
301 PRINT 503
NCE=1

Iy)-EM
1))-EM
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300

c
1010

1014

1101
100
102

1027
1028
1022
1023

1013

1014
1029
1026

1024
1025

ehntinit

M3=1

DO 1008 I=2,NMIX

NO TWO NEIGHBORING ELEMENTS BE ZERO
IF(CONC(1))1006,1005,1006
1F(M3)1009,1007,100%

M3=0

GO TO 1008

M3zl

CONTINUE

6o To 1010

PRINT 502

NCE=1

M3ap

GO 10 50

BEGIN MIXING ELEMENTS

DO 1011 1s1,6

CC(I1)=0,0

ZNORM6=040

M5=1

M422

DO 15 [=2,NMIX

IF (laNMIX) 100,110%,100

M6 = NMIX

GO TO 102

JFECONCC])) 15,18,1%

Me=1-1

DO 1014 L=1,NGR

DO 1013 J=M4,6Mé

K=MIX(J)
€CC(1)=CC(1)*SIGT(L,K)*CONC(J)
ccl2)sccl2)+s1as(LaKI*cONC ()
CC(3)aCC(3)+SIGS1(L,K)«CONC(J)
IF(L.LT,NGR)CC(4)3CC(4)+STRy(L,K)*CONC(J)
IF(CONC(J) «GT «ZNORM6)1027,1028
ZNORM6=CONC(J)

Mio=K
IF(VUSIG(LsK))1013,1.13,1022
IF(CONC(J)=CC(6))1013,1013,1023
CC(6)sCONC(J)

M9 3K
CC(5)8sCC(5)+VUSIG(L,K)#CONC(J)
M72=MIX(M5)

SIGT(L.M7)8CC(L)
SIGS(L,M7)=CC(2)
S1GS1(L,M7)=CC(3)

IFCLLTWNGR) STR1(L+M7)3CC(4)
VUSIG(L,M7)3CC(5)

CC(g)=0,0

€C(2)=0,0

cC(¢3)=0,0

CCtq)30,0

€CC(3)=0,0

DO 1029 M8=1,NGR
VINV(MB,M7)=VINV(MB, ML)
IF(CC(6))102641025,112¢
CC(6)s0,0

DO 1024 MB=y,NGR
CHIC(MB/M7)3CHI(MB,M9)

MS=]

Méz]eq



15
1016

1201
200

1342
1018

19

1020
50
501
502

503
506

CONTINUE

IF(NDS) 50,50,1016

M5=1

M4z

DO 1020 [32,NMIX

IF (leNMIXx) 200,1201,200
M6 = NMIX

Gg T0 202
1F(CONC(1))1020,1017,1020
Mg=zl=q

DO 19 | =1,234

DO 1018 JgM4, M6

KsMIX(J)
CC(6)3CC(6)STR(L,K)«CONE(J)
M73IMIX(M5)
STR(L,M7)sCC(6)

CCg)ep,0

M3=]

Mé4s]+1

CONTINUE

RETURN

FORHAT(Q?N MIXING VECTOR MUST HAVE AT LEAST TWD ELEMENTS )

FORMAT(35H INCONSISTENT GONCENTRATION VECTOR )

FORMAT(51H MATERIAL NUMBER GREATER THAN 25 IN MIXTURE VECTOR )

FORMAT(29H ELEMENTS REQUESTED FROM TAPE,53X,1SHMATERIAL NUMBER)

END

SUBROUTINE SCHECK

c MNON/AlzLL(zso).E(17439).cc(aa;NN(ex).va,Lc,NA,Nor,LF,NAr.I,J,
1KILIMDJ11J2lJJIJ‘IJ,JHIIMRnHS.H‘;MSI"GIH’JSONE-SU""J151ISZI~OLO
ZLGO,NCE.AN.IT.xPT(iﬁ').IDIM.luD!n.ILDXH.NPloElGH1.ElGEN.EVGEhtnElG
SEN2,NEXT,K3,MM5, 111,MM4,K1,K2,NCTR,POWR2(189),POWR3(189),SC (450,26
4).XK(S).Vx(a).TIMEBEG.OUTCON.seAnCON.Elsus.ScrLUX(150.2¢).xJu;,
SEM1,MATNO(20), ISET,PRORT(12) ., [SAVE+ELQNER(27)

DIMENSION [1(40),MIR(40),DELR(40),POWRL(189),EMU(22),ALPHA(2;26),
1DELTA(22.25).svnt139.25).5107(76.25).5105(26.25).51051(76.2!'.Vusl
26(26025"CHI(26125)'STR‘?34'25)‘sTR1‘25025)lleV(26125)nLneP‘Zé)'
3L“REG(6).C°NC(40),HIX(JU).MT!X(zo),NTMIX(zo)_BANNA(10,2,26),EUCK(
426125)48ETA(2,26),LRATE(23) .

EQU!VALENCE(LL(I).HAx).(LL(Z).Jqu):(LL(S).Nag).(LL(Q)AN).(LL(S)a
ANDS), (LL(6),NPS), (LL(7),NOT), (LL(B),1TOUT), (LL(9),LCO0), (LL¢I8),MIK
2)stLL(11),LPG)Y, (LL(12),IDP), (LL(13),MUTEST), (LL(14),JSP), (LLI$5),N
3n1x).¢LL(1e).nnxx).(LL(17).KREG).(Lthe).Nsns).(LL;lo).Nrns)o(LL(
420),K1T1), (LL(21), 1BUK), (LL(22),MADJ), (LL(23),MFR)Y, (LL(24), 1€), (LL
5(25) 0 IEXOP), (LL(26)211), (LLt66Y,MIR), (LLC106),MIX),(LLE146),"TIX),
GCLLC166) ANTMIX) s (LLC1B8) aNHGP)» (L 1B7) 4 NKHREG),» (LL(188),LHREE) s
T(LL(198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226),LRATE)

EQUIVALENCE(LL(220),NFREG), (E(1),EPS1),(E(2),EPS2), (E(3),EPSY), (E(
14),FAC) s CE(S) s THETA) » (EC8) s SEND» (ECT)4SGES) 2 (E(B)4RR) S CE(Q) 2 X IND
25}10>,DELR).(E(sa),sror);(5(700,;5163, (E(1350),51Gs1), (E(20¢0),Vy
3s G)a(E(Zﬂsﬂ).CHI).(E(SSUO).!TR),(5(9160).3751).(E(O?7§),VIN').(E(
410425),ALPHA), (E(10477),BETA), (E(10529),GAMMA), (E(11049),DELTA), (E
5(11021),EHU).(E(11603),CONC).(5(11683),90uR1),(E(iiﬁ’?).BUCKI,(E(
612522),SVM)

DIMENSION ALL(700)

COMMON/2/1LL(700), IRECNO¢20),N16¢20),NEG(20)

BANK(1),LINK]1,/AL/,SEARCH, SCKHECK

COMMON/A2/EE(1300)

DIMENSION SIGFIS(26,25),SI1GFIv(457),SIGCAP(26,25),81GCAV(450)

EQUIVALENCE (EE(1),SIGFIV,SIGFIS),(EE(g51),SIGCAV,SI1GCAR)

BANK(0),/27,7A2/+ INPRaMIXX

EQUIVALENCE (ILL(1),ALL(1))

39 S2=0.0
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aa

a0

ao

~n

S

~

@

o

10

41
43
42
40

47
48

49

M2=MAX+ JMAX=

1S THERE FXxED SOURCE INPUT

DO 1 I=1,NGR
DO 4§ J=g,M2

IFCSYM(Ja1)) 6,116

NTINUE

?g Lér? 1S THERE BOUNDARY SOURCE INPUT
DO 2 1=1,NGR

D0 2 J*1.2

DO 2 Ke1,10

IF(GAMMA(K J,1)) 6,2,6

CONTIN
P, NElTHER
00’3 I=4,NER
DO 3 K=1,J1
IF(DELTA(K, 1)) 6,3,6

CONTINUE B

NO SOURCES PRESENT: CHECK IF THEY ARE NECESSARY
ITouT 1Is SET TO 50 UNLESS READ OVER

ELY 4,5

ey R ERROR INDICATION

PRINT 500

NCE=1

RETURN

THEY ARE NOT. CHECK FOR FISSIoN CROSS SECTION

S2z1 IMPLIES NO SOURCES,$2=g9 IMPLIES THERE ARE SOURCES
S274,

DO 7 1=1,J MAX

KaMIR(I)

KizK

DO 7 J=1.NGR

IFCYUSIG(J,K)) 7,7,1)

CONTINUE

NO FISSION CROSS SECTIONS, CHECk IF NEEDED

1F(S2) 9,9,8

THEY ARE, ERROR INDICATION

PRINT 501

NCEB=1

THEY ARE NOT, RETURN

1TOUT=g

RE TURN

THERE ARE FISSION X~SECTS AND OUTER ITERATIONS ARE NEEDED
CHECK FOR NON«ZERO CHI,S

DO 50 I=1,JMAX

K3MIR(])

DO 41 J=1,NGR

IF(VUS]G(J.K))41.41,42

CON IN

43 J=1 NGR

CHX(J K):o 0

GO 10 50

DO 40 J=z1,NGR

IF(CHI(J, K))4o 40,50

CONTINUE

DO 48 J=1,NGR

CHI(J,K)y=CHI(J,K1)
DO 49 J=1,NGR

IF(CHI(J,K1))49,49,5

CONTINUE
PRINT 502
NCE=1
RETURN

Is THERE FIXED BOUNDARY FLUX
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50
51

11
12

600
c

aao

14

15

101
16

7
18

19
20

21

23
24

102

100
99

301

37
2%
€7

28

83

?gnrsnui
NORMALIZATION REQUIRED

1IF(s2y 11,11,15

S2=0, THERE ARE SOURCES AND NO NORMALIZATION IS REGUIRED
CHECK TO DETERMINE IF PREVIOUS SQURCE IS AVAILABLE AND DESIRED
PREVIOUS INCLUDES INPUT BUESS

IF(LPG) 14,12,14

NO GUESS AUATLABLE, START WITH 2ERO GUESS
M2=MAX e JMAX 1

DO 600 [=1,M2

POWR1(1)=0,0

GUESS AVAILABLE, uUSE It

RETURN

NORMAL IZATION REQUIRED,HOMOGENEOUS CASE

CALCULATE FISSIONABLE VOLUME

voL=0,0

DO 21 l=1,JMAX

KEMIR(])

DO 16 J=1,NGR

IF(VUSIG(J,K)) 16,16,17

CONTINUE

GO T0 21

MZ=11(1)

17(1'15 18,18,19

M6=1

GO 10 20

Mé=]1(le1) .

IF(IG,EQ,q) VOL=VOL*XPT(M7)eXPT(Mg)
IF(IG(EQro1)VOLEVOL*XPT(M7)eXpT(M6)

IF(IG,EQ,3) VOL=VOL*(XPT(M7)wa3eaXPT(M6)ev3)4,1887902
IFCIG,EQ,e3) VOL=VOL«(XPT(M7)we3aXPT(M6)*e3)eq. 1887902
CONTINUE

NOW NORMALIZE THE POWER YO TOTAL INTEGRAL OF FaC

1S GUESS FROM PREVIQUS CASE AVAILABLE (PREVIOUS INCLUDES INPLT)
IF(LPG) 29,29,24

YES, INTEGRATE OVER THIS REACTOR

SUM=20,0

M7sy »

USE OLD SHAPE OVER NEW F1SSIONABLE VOLUME ONLY

DO 25 [=1,JMAX

M6=MIR(])

DO 100 M=1,NGR

IF(VUSIG(M,M6)) 100,100,99

CONTINUE

G0 To 25

Lall(lyel

DO 37 JaM7,L

K'I‘J'1

IF((1G,EQ,3).0R,(I1G,EQ,~-3))G0 tn 304

EMg=,5«DELR(])

EM23EM1

GO 10 37

EML1=DELR(I)# (XPT(Jel)#XPT(Je1)e2,¢XPT(Jel)aXPT(J)e3 oxXPT(U)&IPT(J)
1)%1,0471978

EM23DELR (1) * (3. oXpy(J*1)eXpr( je1)+2,#XPT L sl wXPT(J)eXPT () *XPT())
1)e1,0471976

SUM3SUM#EM{ «POWRY (K) +EM2@POWRq (Key1 )

M7=11(1)

M2aMAXe JMAX=1

DO 28 ]=1,6M2

POWR1(1)=(POWRL(])/SUM)*FAC

NO PREVIOUS GUESS, ESTABLISH A FLAT GUESS
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30

31
32

33
34

35
36

500
501
502

Cowwnw

%%Tg%Nlal,JMAX
START WITH FLAT GUESS OVER ALL F1SSIONABLE REGIONS
po 30 J=1,NGR
KaMIR(1)
IF (VUSIG(J,K)) 30,380,321
CONTINUE
GO TO0 36
1F(1-1) 32,32,33
Me®q
G0 10 34
Mésll(lalyel-1
M7ell(l)eley
DO 35 L=M6IM7
POWR1(L)=FAC/VOL
CONTINUE
RETURN
FORMAT(39H ERROR,NO SOURCE IN INWOMOGENEOUS CASE )
FORMAT(34H ERROR, ALL FISSION X«SECTS ZERO )
FORMAT (234 ERROR*NO NON=ZERD £H! )
END

Wanaar e rta vk vttt dOVERLAY 2u b a v nd v " e v a v a W e e A h WO WV A A d O R R TR T o w Ty
PROGRAM LINK 2 .

COMMON/A1/LL (250),E(17438),CC(6),NN(21)sNR,LC,NALNOF,LF,NAF, 1y
1K, LM, J1,02,J3,J04,05,M4,M2,M3,M4,M5,M6,M7,SOME, SUM, AJ, S1,52,"0L,
2LGO,NCE,AN, IT,XPT(150),IDIM,IUDIM, ILDIM,NPI,EIGMY,EIGEN,EIGE 1,EIG
3EN2,NEXT K3 ,MM5,111,MM4,K1,K2,NCTR/POWR2(189),POWR3(189),5C(150,26
4),XK(3),VX(3), TIMEBEG, OUTCON, SEARCON,EIGM3,ScFLUX(150,26), 1JFL,
SEM4,MATNO(20), ISET,PROBT(12), 1SAVE,ELOWER(27)

DIMENSION 11(40),MIR(40),DELR(4N),POWRLI(189),EMU(22),ALPHA(2726),
1DELTA(22,26),SVM(18Y,26),SIGT(26,25),5168(26,25),51681(26,25),VUS!
26(26,25),CHI(26,25),STR(234,25),8TR1(25,25),VINV(26,25),LHGP(26),
3LHREG(6)»CONC(40),MIXC40),MTIX(20) s NTMIX(20),GAMMA(10,2,26),2UCK(
426,25),BETA(2,26),LRATE(25)

EQUIVALENCE(LL(1),MAX), (LL(2),JMAX), (LL(3),NGR), (LLt4)sN),(LL(5),
ANDS) s (LLCO)aNPS) s (LL(7)/NOT)» (L (B 21TOUT)» CLLE9)ulCO) s (LLCLODAMIK
2),(LL(11),LPG), (LL(12),1IDP), (1 L(13),MUTEST), (LL(14),JSP), (LLt15),N
IMIX) o (LLC16),MMIX), (LL(17),KREG), (LLC18)sNSOS), (LLC19),NFOS) s (LL(
4200 ,KIT1), (LLC21), TBUK) » CLL(22),MADY), (LLC23), MFR) 4 CLL (24), 1G) 0 (LL
5(¢25), 1EXOP), (LL(26),11), ¢LL(66),MIR), (LLC106),MIX), (LL(146),TIX),
6(LL(166),NTMIX), (LL(186),NHGP), (LL(187),VNHREG), (LL(188),LHRE"),
7(LL(198) L HGP)» (LL (224),LFREG)» (L (225) sNRATE) , (LL (226),.LRATE)

EQUIVALENCE(LL(220),NFREG), (E(1),EPS1),(E(2),EPS2), (B(3),EPSY), (E¢
14),FAC), (E(5), THETA), (F(6),SEN), (E(7),SGES)s (E(8),RR), (E(9),¥[N),(
2E(10),DELR) 4 (E(50),SIGT)»(E(700),S1GS)+(E(1350),51GS1)s (EC2060),VU
3516G), (E(2650),CHI), (E(3300),STR), (E(9150),STR1), (E(9775), VINV), (E(
410425),ALPHA), (E(10477),BETA), (F(10529),GAMMA), (E(11049),DEL A), (E
5(11621),EMU)» (E(11643),CONC) . (E(11683)sPONRL)» (E(11872),BUCK’ s (EL
612522),SVM)

COMMON/2/XL (6000)

COMMON/A2/SB(22,26)»AL7(22),(22),V(22)4WU(22),A02(22)4A0(2233:22)
1,012(22),01(22,9),N(11,12),91(11;9),
1P2(11,9),AL1(22,9),AL2(22,9),7(22)+8M5C(22,22),

SLMAXsAt11, 22),B(2,11+22),C(11,22)+D¢11,22)2UA(6000)
COMMON/A3/D1(242),DM(484)
BANK(0),/2/,/A2/,0PINT,LINK2,ALQS,/A3/,SETUP, AQSJL
BANK(1)./A1/

REWIND 2
REWIND 8
P1=3,14159265
LMAx29

1Mz JMAX



10

11
12

13
14

15
16

A

1J1

(1G,EQ,3),0R,(1U,EQ,w3)) UMAX=JMAXe1
(NOT.LT,3)G0 10 3

IF(MADJJLE0)GO To o

DO 16 1=1,1JM

DO g0 J=g,NGR

KEMIR(])

IF(VUSIG(J,K))10,10,11

CONTINUE

¢] 0 16
19(1-1)12,12,13
M6l1

GO 10 14
Mézll(lal)el-1
M7=11(1)eleg

DO 15 L=M6.M7
POWRi(L)=FAC/VOL
CONTINUE

3 IF(16G)115,116,116

115
506

116
100
103

104
105

101

102

PRINY 506

FORMAT(/14H POWRL, LINK 2)
JaMAXel JMey

PRINT 502, (POWR1(I)s1"=1,)
IF((1G,EQ,3).0R,(1G.EQ.-3))60 TO 103
DO 100 J=1,JMAX
UCJ)=EMUCY)

GO T0 105

DO 104 J=1,J2

MesJMAXwJey

UtJI=EMY(Y)
U(M6)SEMU(M6E=-1)

CALL OPINT

CALL ALQS

DO 101 J=1,JUMAY

DO 101 L=g.LMAX

el (gsLd=01(y.L)/0120y) 3
LMAx=2

CALL AQSJL

PlFad, eP]

PIFI=y,/PIF

DO 102 J=1,JMAX
AQZ(J)=ALZ(J)*,5

DO 102 JA=i,JMAX

DO 102 L=1,LMAX

EL=L
AQ(JA,L,J)=AQ(JALL,J)"(2,%ELe1.)e.5
JMAX =] UM

Ji=lJ1

J3ng2ey

CALL SETUP

IDINe0

DO 80p J=1,J1

IDIMZIDIM*J

I1CRs1

IF(MFR,GT,0) ICR=2
IUDIM=IDIM*ICReJ1#y2

1KsJ2
IF(XABSF(1G).EQ,3)1K=J3
ILDIMsJieJi=IDIM*ICReJ 1 w]K
M9=1UDIM* (MAX=1)*IDIM



86

106

1006

1003
509

31
-
20
21
117

IF(MFR.GT,0)M9=M9=J2wd2
Mi0a1UD[MeMAX
IF (M9,LE,3000)K2=1
IF(M9,G7.3000)K2=(M111/3000)«1
Ki=MAX /K2
IF(MAX=K1¢K2.GT,1)K1aK1+1
IF(K1*1UDIM,LE.3000) GO TO 107
K2zK2e1
GO TO 106
NN(1)=K1
NN(2)=K2
NN(3)eKqeILDIM
NNCS)B(MAX®2)*[yDIM K1®[yDIM* (K2w1)@IDIM=C[CR=1) ¥ 2% )2
1F (K2 ,EQ,1)NN(3)=NN(3)~ICReJ14IK
NN(g)E(MAX®Ky % (K2eq))®ILDIMeJqwlK+ICR
NN§6"§%;1H?1:2 NN(3y,NN¢5y,NN(dy,NN(6)
RINT : ) b
;onsnvzzéﬁ NO, OF POINTS'PRA READ'® I¢,qgH  NO. OF READS = 14/43K
1 NO« OF LOWER AND UPPER WORDS FIRST READ =l6,4H ANDI&/42H INO+ OF
2 LOWER AND UPPER WORDS LAST READ =16,4H AND 16,
IF ((NOT,GE,5) ,AND, (MADJ.BT.0))3952
CALL SEGMENT(2,3.,29)
GO TO 112
IF((1G,EQ,3).,0R,(IG,EQ,~3)) Go TO 20
CALL SEGMENT(2,1,29)
G0 1o 21
CALL SEGMENT(2,2,29)
CONTINUE
IF(1G6,67.0) GO TO 112
PRINT 507

507 FORMAT(/14H SB, ALZ, U, V)

PRINT 802, ((SB(I,J),1%1,J1),J21,NGR)
PRINT 502, (ALZ(]),121,J1)

PRINT 502, (ucl),1=1,J1)

PRINT 502,(V(1),l=1,J1)

112 IF (UNIT.2) 112,113
113 IF (UNIY,8) 113,114
114 REWIND 2

500
501

REWIND 8

RETURN

FORMAT (4(58x,E13,5))

FORMAT(//33H CHECKOUT=ANGULAR DATA®U,V,Z,WU )

502 FORMAT (6(5x,E13.5))
503 FORMAT(///35H MATRIX ELEMENTS .4,B,C,D la1,NGR )

504

FORMAT(///37H UPPER DIAGONAL PLUS FACTORED MATRIX )

305 FORMAT(5xX,100(1Hw))

END LINK 2

SUBROUTINE OPINT ;

COMMON/A1/LL(250),E(17435),CC(6),NN(21), R, LC, NA, NOF, LF, NAF, 1, J,
KoL oMy J1,J2,J3,04,05,M1,M2,M3, M4, M5, M6,M7, SOME, SUM, AJ,S1.52,¥0L,
2LGO,NCE,AN» IT+XPT(150), IDIM,TUDIMs ILDIM,NPI+F1GMY,ETGEN, EIGENL/EIG
SEN2,NEXT,K3,MM5, [11,MM4,Kk1,K2,NCTR, POWR2(189), POWNR3 (189 ,SC (480,26
4),xx(s),VX(;).YIMEBEQ.OUTCON.ssARCON,Elsﬂs,SCFLUxttso.ze).!J*:.
5EM1,MATNO(20) s ISET,PROBT(12), 1SAVEIELOWER(27)

DIMENSION 11(40),MI1R(40),DELR(40),POWRL(189),EMU(22), ALPHA(2)26),
1DELTAt22,26).SVH(159,26);SIGYc26225).sleczé.zs).51031(?6.25'.VUSI
2G(26428),CH1(26,25)+5TR(234,25), TR1(25,25)sVINV(26,25),LHGP(26),
3LHREG(6).coNC(40),mxx(ao;.M?tx(;g>.NTnlx(2n).eAMMA(1o.2.26)MEUCK(
426,25),BETA(2,26),LRATE(25) *

EQUIVALENCE CLL (1) s MAX ), CLL(2) 4 gMAX) s (UL C3),NGR) » CLL (4) ap) s CLL (5D s
1NDS).(LL<6).NPS>.(LL(7).NUY).(LLke).lTouT),(LL(9),Lc0).(LL(1').MIK
2) 0 (LL (11, LPG), (LL€212), IDP), (1L (130, MUTEST) s (LL(14), JSP), (LL(15),N



MEX), (LL(16),MMIX ’ :
}2 s ii & l):iéLL(17).KnEG).( L(18).NSOS).(LL(19).N:05

::f5zi15:09’|(LL(26).ll):!LL(éb).Hl“),(LL(106).NIX).(LL(146)
LC166) sNTMIX) 4 (L C1B6) sNHGP IS (LL(187) s NHREG), (LL(188),LHREE
7(LL(198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226),LRATE)

618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633

30

31

32

33

34

35

36

37

38

yi(LL

g5(LL¢2 UKy, (LL(22),MADJy, (LL(23),MFR), (LL(24), [€), (
JETIX

Yo

EQUIVALENCE(LL(220),NFREG), (E(1),EPS1), (E(2),EPS2), (E(3),EPSY), (E(

14)4FAC) 4 (E(5) s THETA D, (E (&), SEND . (E(T),SGES) s (E(BISRRD. (L) s IND 4 (
ggiio),DELR).(E(50),SIGT).(E(700);SlGS).(5(1350).81051).(5(2050),VU

G), (E(2650),CHI)Y, (E(3300),STR), (E(9150),5TR1), (E(9775), VINV), (E(
410425) . ALPHA)» (E(10477),BETA) . (E(10529) 4 GAMMA) » (EC11049) s DELTA) s (E
5(11621).EMU).(5(11643).C0NC).lE(11°53),P0HR1).(E(1187?).3UCK)-(E(

612522),5VM)

COMMON/2/x (6000)
COMMON/A2/SB(22,26),AL2(22),U(22),V(22),4U(22),4AN2(22),A0(22,3,22)
1,042(22),01(22,9),W(11,12),P1(11,9),
1P2(11,9),AL1(22,9),AL2(22,9),7(22)5MSC(22,22),

SLMAX,A(11, 22),8(2,11,22),C(11,22),D(11,22),A(6000)
BANK(0),72/,/A2/,0PINT,LINK2,ALDS,/A3/,SETUP, AQSJL

gayxt1)./A1/

=
IF(J=J2) 619,619,627
MM=2
W tge1)=U )
W(J MMy W (J,MM=1)wu(J)
IF(MMe12) 623,625,625
MMEMM*1
GO 1O 621
JaJdel
GO T0 618
Jsi
IF(J=J2) 629,633,638
DO 630 MM=1,12
WCJ o MM)sW(Jel ,MM) oW (JsMM)
JEJel
GO TO 628
IF(LMAX)42,42,30
J=2
P1(¢Js1)20,5¢W(J,2) »
P2¢(J,1)sW(J,3)/3,0
IF(LMAX%1)41,41,32
P1(Jes2)3(W(Js3)eN(Js1))/2.0
P2(Jy2)=(3,0%W(J,4)"2,0wW(J,2))/8.0
IF (LMAX<2)41,41,33
PLCJ3)=(5,0*W(Jrd)~g 0¥yl ,2))/8.0
P2(J,3)s(W(J,2)eW(J,3))/2,0
IF(LMAX»3)41:41,34
PLUJsd)=(7,0*W(Js5)~10.0eW( ,3)e3.0eW(Js1))78,0
P2(J,4)u(35,0eW(J,6)-95,0uaW(J,4)49,0ew(J,2)),48,0
IF(LMAX®4)41,41.435
PLlCJs5)m(21,0%W(J,6)=35,00W(J,4)¢15,0eW(J,2))/16,0
P2(J,5)=(9,0eW(J,7)~14 OeW(J,5)¢5.0ew(J,3))/8,0
IF(LMAXe5)41:41436 ;
PR(Je6)= (33, 00(Js7)=63,0%0(J,5)035,00N(Js3)=5.00y( s1))716,8
P2(J,6)s(231,0eW(J,8)~420,00W(J,6)¢210,0eW(J,4)-20,00W(J,2))s128,0
IF(LMAX®§)41,41,37
PL(Ua7)3(429 . %W (J,B8)=924, %y (J,6)0630,%W(J,4)-140,%y(J,2))/12€,
P2(Jy7)m (143, %#W(J,9)2297 wW(J,7)e189,eW(J,5)-35,eW(J,3))/48,
IF(LMAX®7)41,41,38
PL1(Js8)s(715.,#W(J,9)=1718,9W(,7)+1386,%W(J15)=420,«W(J,3)3%,*N(J
1,1))/128,
P2(JsB)=(1287,9W(J,20)=3003,9W(J,B8)e2310,eW(J,6)=630,eW(J, 42435,
1wlJ,2))/7256,

87



88

39

41
42

43

44

B 000, 1006435, 000U, 8206008, #H (U, 6) 22310, #W L1, 4) 9315,
Wt 12))/256.
192(j.3)-<11o5..u(J.11)-2860.-u<J;9’~257‘~-N‘J'7’-92‘-'“(J'5"1°5-'
1W(J,3))/128,
JEJ*1
1F(J=J2)31,42,42
P1(1,1)8",5
pl(1,2)%0,0
Pi¢1,3)s,125
P1(1,4)%040
p1t1,5)=+,0625
pi¢1,6)=0,0
P1(1,7)25,/128,
p1(1,8)=0,0
Pi(1,9)=-7,/256,
P1€1,10)50.0
p2(1.,1)%1,/3.
p2(1,2)s-,125
P2(143)=0,0
p2(1:4)=1,/48,
P2(1,5):0'G
P2(1:6)=-1./128,
p2(1+7)=0,0
P2(1,8)=1,/256,
P2(1,9)=0,0
DO 44 L=1,LMAX
Ja2

P1(1,L)=P1(1,L)eP1(J,L)

p2(1.L)zP2(1,L)"P2(J,L)

JeJel

IF(J=J2) 43,44,44

CONTINUE

RETURN

END

SUBROUTINE SETUP

COMMON/Ai/LL(ZSO),5(17435),cc(6);m~<21),VR,LC.NA_Nor.LF,NAr,l,J,
1K, LM, J1,J2,J3,J04,J9,M1,M2,M3,Ma,M5,M6,M7, SOME, SUM, AJ, 89,52, '0L,
2LGO,NCEsAN»ITHXPT(15:1),IDIM.IUDIM, ILDIMANPI»FIGML,EIGEN,.ETIGENLIEIG
3EN2,NEXT,K3,MM5, 111,MM4,K1,K2,NCTR,POWR2(189),POWR3(189),5C(150,26
4),XK(3),VX(3), TIMEBEG,OUTCON, SEARCON,EIGY3,SCFLUX(150,26),1J¥1,
SEM1,MATNO(20)»ISET,PRORT(12),1SAVE+ELOWER(27)

DIMENSION [1(40),MIR(40),DELR(40),PONR1(189),EMU(22),ALPHA(2]26),
1DELTA(22,26),SVM(189,26),S16T(26,25),S1G6S(26,25),51681(26,25),VUS]
26(26,25),CH] (26,25),5TR(234,25),§TR1(25,25) sy INV(26,25),LHGP 26),
SLHREG(6),CONC(40),MIXx(40y),MTIx(20),NTMIX(20),6AMMA(10,2,26),BUCK(
426,25),BETA(2,26),LRATE(25)

EQUIVALENCEC(LL (1) ,MAX), (LL(2),JMAX) s CLLC(S)LNGR) » (LL C4)aN),(LL(5),
INDS), (LLC6) )NPSY, (LL(7),NOTY, (LL¢B), ITOUT), (LL(9),LECO0Y, (LLCL"),MIK
2),(LL(11),LPG), (LL(12),IDP), (LL(13),MUTEST)» (LL(14),JSP),(LLIL5),N
SMIX) o CLLCL6) sMMIX) 5 CLLCLY) sKREG) o (LL(1B)aNSOS)H (LLC19)aNFOS) 0 (LL
420),KIT1), (LL(21),1BUK), (LL(22),MADJ), (LL(23),MFRY, (LL(24), BG), (LL
5(28), TEXOP), (LL(26)» 11y, (LLtg6) ,MIR), (LLC106),MIX), (LLC146),"TIX),
6CLL(L66) »NTMIX) o (L LC186) aNHGP)Y» (L 187) s NHREG)» (LL(188).LHREG)
7(LL(198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL¢226),LRATE)
EQUIVALENCE(LL(220),NFREG), (E(4),EPS1), (E(2),EPS2), (E(3),FPS3), (E(
14)4FAC)aCE(S) s THETA) » (EC8)uSEN)» (ECT7)2SGES) o (E(BILRR)» (ELQ) # I IND a
2E(10),DELR), (E(50),S10T), (E(700),S1GS), (E(1380),51Gs1), (E(2080),Vy
3S1G), (E(2650),CHI), (E(3300),STRY, (E(9450),STR1), (ECg775),VINV), (E(
410425),ALPHA) » (E(10477),BETA), (E(10529) ,GAMMA) , (E(11049)4DELYA) s (E

5(11621),EMU), (E(11643),CONC), (E(11683),POWRL), (E(11872),BUCK?, (EC
612522),5VM)



L

SOHHON/2/XL§6000)
OMMON/ZA2/S (22.26).AL7(22,.U,27).V(22).du(Z?).Aoz(72).A0(22a3.22)
1.011t22).01(22.9).u(11.12).91(11;9),
sP2‘11:9).AL1(22:9).AL2(22.9).7(?2)uSMsC(22.22).

LMAX,A(11, 22),B(2,11,22),C(11,22),D(11,22),A(6000)
BANK(0)4/2/,/h2/,0PINT,LINK2,ALOS, /A3/,SETUP, AQSJL

BANK(1),/a1/

THIS SUBROUTINE MANUFACTURES ANGULAR DATA FOR THE MATRIX
COEFFICIENT CALCULATION

K23J2

IF¢(!16G.EQ,3).0R,(1G.EQ,=3)) KpeJy

Z(1)=p,

Ul(g)=ey,

Ulyt)e=q,

WU(lysl,

WU(J1)=1,

DO 4 J=2.k2

UCJ)=EMU(J) /3, «EMU(J-1)/6,

VEJ)=EMUCU) 76 +EMU(J=1) /5,

Wytyls,s
5§J>-(3.—EHU(J)-EHU(J)-EMU(J).Euu(J-1)-E4U<J-1)-GMU(J-1))/(3}-012(
iJ)N

IFCCIG.EQ43).0R,(1G+EQ.=3)) 6n 1o ¢

MizJleJel

U(ML)Y=U(J)

VML) sV (J)

WU(M1)=,5

Z("l)lZéJ)

CONTINU

RETURN

END

SUBROUTINE ALGS
COMMON/AL/LL(250),E(17435),CC¢6),NN(21),VR,LC,NA,NOF,LF,NAF, 1,J,
KoL oM,y J1,J2003,04,05, M9, M2, M3, Mq,M5,M6,M7,SOME, SUM,AJ, 84,52, V0L,
ZEGOANCEnlelTleT(iﬁ )nlDlHtluD]MnILD[H.VP[AFIGHIIEIGEN.EIGE“I:E!G
3 N2, NExT,K3,MM5,111,MM4,K1,k2,NCTR, POWR2(189),POWR3(189),SC(150,26
410 XK(3) VX t3) ) TIMEBEG,OUTCON, SEARCONJEIGM3, SCFLUX (150,260 1JKqs
SEM1,MATNO(20), ISET,PRORT(12) 4 1SAVEIELOWER(27)

DIMENSION Il(40),HIR(4n),DELN(40),Pounl(189),EMU(22),ALPHA(Zazb),
%DELTA(E?.QQ).SVM( 59.26).SIGT(gb.?S)nSlGS(§6.25).51081(96.29 s VUS]
G(26425),CHI(26,25),5TR(234,25),5TR1(25,25) sy Ny (26,25), HGP(26),
SLHREG(6),CONC(40),MIx(40),MTIx¢20),NTMIX(20),GAMMA(10,2,26),EUCK(

426,25),8ETA(2,26),LRATE (25)
EQUIVALENCE(LL(l)nMAX)‘(LL(?).JM‘X’:(LL(J):NGR):(LL(‘)IN).(LL(5)0
ANDS), (LL(6),NPS), (LL(7),NOT), (LL(8),ITOUT), (LL(9),LCO0y, LL¢I%),MIK
2).(LL(11).LPG):(LL(12).lDP).(LL(iS)."UTEST)nlLL(lQ).JS“):(LL:;!).N
SMIX) o CLLCL6) »MMIX), (LL(17)sKREG) 4 (LL(18) 4NSOS), (LLL19)sNFOS) s (LL
420),KI1T1), (LL(21), IBUK), (LL(22),MADJ), (LL(23),MFR), (LL(24), 36), (LL
5(25), [EXOP), (LL(26), 11y, (LL(86),MIRY, (LL(106),MIX), (LLL146),*TIX),

GCLLC166) ) NTMIX) o (LLC18B6)sNKHGP)Y, (LL(187) 2 NKREG), (LL(188),LHREG),
TCLL(198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226),LRATE)
EQUIVALENCE(LL(220),NFREG), (E(1),EPSY), (E(2),EPS2), (E(3),EPSI), (E(
14)sFAC) s (E(S) s THETA) » (E(8)LSEN) S LE(T),SGES) s (E(B)ARR) (ECG) s INDaL
2E(10),DELR), (E(50),SIGT), (E(700),S1GS), (E(1350),51851), (E(20E0),Vy
3s16), (E(2650),CHI), (E(3300),STR), (E(9150),STR1), (E(5775),VINY), (E(
410425),ALPHA) 2 (E(10477),BETA) . (E(10529),GAMMA), (E(11049)sDELTA) s (E
5(11621),EMU), (E(11643),CONC), (E(11683),P0WR1), (E(11872),BuUCK), (E(
642522),SVM)

COMMON/2/xL (6000)
COMMON/A2/SB(22,26),AL2(22),U22),V(22),WU(22),ARZ2(22),A0(223,22)
1,012(22),01€22,9),W(11.12),P1(11,9),
I1P2(14.,9),AL1(22,9),AL2(22,9).7(22)s8M5C(22,22),

89



90

,0(11,22)1D011 YpUACG000)
’ ﬂhﬁ?ﬁ‘)f’zb/fﬂ‘z?fSb’ik'rff’mﬁz’,hﬁi./AS/.’sE%uﬁ.Ao oL
BANK(1),/AL/
JMAXE JMAX
JisJ2-1
IF(LMAX) 14,14,11
11 EM=%1,0
DO 13 L=1,LMAX
J=
1610 )2EM
gLi(iEL)-(U(2)'P1(1.L)-P2(1.L))/u(iui)
AL2 (JMAX,L)=EMeALq (1,L)
ol MAXaL)®L.0
15 JsJel
J3=JMAXwJey
(J=J2) 16,17,17
16 KtifJfL>=(U(Jo1)-P1<J.L).P2(J.La)/th.i)
AL2(J,L)=(eU(J=1)wPLl(J=1,L)eP2(Jal,L))/W(J-1,1)
AL2CJ3,L)=EM*ALL(ULL)
ALL1(J3,L)=EMeAL2(J,L)
Q1(J,L)=Pg(J-1,L)
Q1ty3.L)=EM*01(ye)
GO 70 15 ’
17 AL2(¢J2,L)e(aU(J1)wPl(J1,L)eP2¢J1,L))/W(JL,1)
ALy (J2e1,L)sEMeAL2 (J2,L)
el(J2,L0=p1(Ut,)
01(J2+1,L)=EM«Q1(J2,L)
13 EM=<EM
14 912(1)=1.0
ALZ(1)=(U(2)-U(1))#0,5
01Z(J2)=U(J2)=U(J1)
ALZ(J2)3012(J2)%0,5
012(J2+1)=012(J2)
ALZ(J2+1)=ALZ(J2)
01Z(JMAX)=1,0
ALZ(JMAX)=ALZ(1)

J=
21 IF%J'JZ) 22+23,23
22 J3zUMAXeJel

01Z(J)=U(J)=U(Je1)

ALZ(J)s(U(J*1)-U( =1))90,5

0lz¢J3)=012(J)

ALZ(J3)=ALZ(J)

JrJel

GO t0 21

23 RETURN

END

SUBROUTINE AGSJL )

COMMON/AL/LL(250),E(17438),CC(6),NN(21),NR,LC,NALNOF,LF,NAF,1,J,
1K, LMy Je,J2,93, 04,05, M1,M2, M3, M4, M5, M6, M7, SOME, SUM, AJ, 81,52, Y0L,
2LGO,NCE/ AN, IT,XPT (15 ), IDIM,1UDIM, ILDIM.NPI+FIGML1,EIGEN,.EIGENL,EIG
3EN2,NEXT,K3,MM5, 111,MM4,K1,K2,NCTR,POWR2(189),POWRI(189),5C(150,26
4))XK(3),VX(3)s TIMEBEG,OUTCON, SEARCON,EIGM3, SCFLUX(150,26),1J%1,
S5EM1,MATNO(20),ISET,PROBT(12),1SAVE+ELOWNER(27)

DIMENSION I11(40),MIR(40),DELR¢40),POWRL(189),EMU(22),ALPHA(2¢26),
1DELTA(22,26),5VM(189,26),S16T(26,25),5165(26,25),51681(26,25),VUSI
20(26425),CHI(26,25)»STR(234,25),8TR1(25,25)sVINV(26,25),LHGP'26),
SLHREG(6),CONC(40),MIX(40),MTIx(20)aNTMIX(20),GAMMA(10,2,26) ,/EUCK(
426,25),BEYA(2,26),LRATE(25) "

EQUIVALENCE (LL (1), MAX) 4 (LL(2) s JMAX) 2 (LLC3) L NGR) » (LLCA)aND - CLL(S)
ANDS), (LL(6))NPS), (LL(7),NOT)H (LL¢B), ITOUTY, (LL(9),LEOY s (LLCL-),MIK
2), (LL(11),LPG), (LL(22),IDP), (LL(13) ,MUTEST) s (LL(14),JSP), (LLIL5),N



11

i2
13
14
15
16
17

18
19

20

21
23

MIX)pCLLC16), MMIX), CLL KREG), (18),NS08), ¢ 5 FOS)j
i ML H L T T bt s T e | T
5(25):lEXOP),(LL(26).Il),gLL(éA),Hl“),(LL(105),MIX),(LL(146).’TX
6(LL¢166).NTn(X).(LL(156).~usp\.(LL<187>.vuREG)-(Lthea).LHREc)'
7(LL(198),LHGP),(LL(ZZ‘).LFQEG).(LL(Z?S),VRATE).(LL(??&).LRAT‘)
EOUXVALENCE(LL(zzo),NfHEO).(E(i);EP51).(5(2).5952).(5(3).EPS!).(E(
14),FAC) 4 CE(5) s THETA) , (E(6),SEN) 4 (E(7),SGES) s (ECBI,RR) S (EE9) s IND st
2E(10),DELR), (E(50),S1G7),(E(700y,51GS), (E(13%0),81Gs1), (E¢2080),Vy
351Gy, (E(2650),CHI), (E(3300),STRY: (E(9150),5TR1), (E(g775),VINV), (E(
410425).ALPHA).(5(10477).QETA).t5(10529).3AHHA).(E<11049).nEL1A)va
5(11621)‘EMU),(E(11643),C0NC).(6(11653):99HR1).(E(11572),BUCK).(E(
612522),5VM)

COMMON/2/%L.(6000)
COMMON/AZ/SB(ZZ,26),AL2(22).u:??).V(22).dU(ZZ).AOZ(22).A0(2223.22)
1,012(22),01¢22,9),W(11,12),P1(11,9),
P2(11,9),AL1(22,9),AL2(22,9),7(22)sSMSC(22,22),

LMAx,A(11, 22),B(2,11,22),C(11,22),D¢11,22),1)A(6000)
BANK(0),/2/,/7A2/,0PINT,LINK2,ALDS, /A3/,SETUP, AOSJL

BANK(1),/A1/

IF(LMAX) 23,23,11

DO 21 Jsy,JMAX

JA=L

DO 13 L=1,LMAX

AQCJA,L,J)=ALL(JA,L)«0q(JsL)

JASJAe1

1IF(JAsJ2) 16,18,15

IF(JAeJMAX) 16,18,48

DO 17 =1, MAX

AQ(JA,L,J)=(ALL(JA,L)*AL2(JA,L))e0L(J,L)

GO TO 14

DO 19 L=1,LMAX

AQCJA,L,J)=AL2(JA,L)«0Q1(J, L)

IF(JAeJMAX) 20,21,21

JAzJAel

GO TO 12

CONTINUE

RETURN

END -

L
(LL
Xy,
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PROGRAM MTXSET ,

COMMON/A1/LL(250),E(17435),CC(6),NN(21),VR,LC,NA,NOF,LF,NAF, I, J,
1K,L,M,01,02,J3,J04,U5,M9,M2,M3,Me,M5,M6,M7, SOME, SUM, AJ, S1,52,V0L,
2LGOSNCEs AN IToXPT(150), INIMs JUDIMs ILDIMJNPIsEIGML,EIGEN,EIGENLELG
SEN2,NEXT,K3,MM5, 111,MM4,K1,K2,NCTR,PONR2(189),POWR3(189),SC(150,26
4),XK(3),VX(3), TIMEBEG, OUTCON, SEARCON,EIGM43, SCFLUX(150,26),1J%y,
SEML,MATNOC20) 4 ISETPROBT(12) . 1SAVEIELOWER(27)

DIMENSION 11(40),MIR(40),DELR(40),PONRL(189), 6 EMU(22),ALPHA(2;26),

DELTA(22,26),SVM189,24).516T(24,25)+516S(26.25),51684(26.25),VUS!

G(26,25),CH](26,25),5TR(234,25),§TR1(25,25)syINV(26,25),LHGP(26),
SLHREG(6),CONC(40),MIX(40),MTIx(20),NTMIX(20),GAMMA(10,2,26),8UCK(
426,25),BETA(2,26),LRATE(p5)

EQUIVALENCE (LL (1) sMAX ), (LL (2 MAX ) 2 CLLC3) L NGR) » CLL(4)aN)» (LL(5)
ANDS), (LL(6),NPS), (LL(7),NOT), (LL(8),1TOUT), (LL(9),LE0), (LL(1r),MIK
200 tLL(11),LPG)» (LL(12),IDP), (LLC33) MUTEST) s (LL(14),JSP),(LLILS) N
SMXX)n(LL(ib)'MHIX).(LL(17).KHF0).(LL(1B)nNsﬂs).(LLﬁ19)nufos)a(LL(
420),KIT1), (LLC21), 1BUKY, (LL(22),MADJ)Y, (LL(23),MFR), (LLt24), JE), (LL
5(25) IEXOP), (LL(28)2 11>, (LLC&G), MIR), (LLC106), MIX)W(LLC148),*TIX),
GCLLC166),NTMIX), (LLC186)  NHGP), (LL(187),NHREG) . (LL(188),LHREE),
7¢LL¢198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226),LRATE)

EQUIVALENCE(LL(220).NFREG), (E(1),EPS1), (E¢2),EPS2), (E(3),EPSI), (E(
14),FAC), (E(5), THETA), (E(8),SEN), (E(7),SGES) s (E(B),RR), (E(9) 2 IN) s
2E(10),DELR), (E(50),S1GT), (E(700),S1GS),(E(1380),81GS51),(E(2060),Vy
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) L (E(9 R1), LEC9779) Y INY ) nC
331925 (E(RRRR} BEL p 45 4ToRRMS TRk 553030 bRk cﬁﬁo“y.!ﬂf;h Ji6
5(11621) sEMU) » (E(11643),CONC)» (E(11683),POWRL), (E(11872),BuCK 2 (EC
612523),svnt )
N .

gg::ON;E;§Sé?gg?26)aAL7(22)-U(Z?):V(22).HU(Z?).AOZ(?2)1A0(22|3022)
1,012(22).01(22,9),c1(11,11,,91¢2;11,22),

2(22),SMSC(22,22),
§LM§§.:(11: %2)?3(?.11022)1C(11.?2)10(11022)0“‘(6000,

BANK(1),MTXSET, /A1,

BANK () ,/2/4/R2/,7A8/

COMMON/A3/.D1(2,11,11),0M(11.,22)

TYPE DOUYBLE C1,DM,EN

JigeJdieg

J2isJ2¢1

111=2

DO 6000 1GRP=1,NGR

1=1G6Rp

IF(MADJ,GT,0)I=NGR=IGRP+1

NAF =g

AC67F(TIMEBEG=TIMELEFT(AC67))w.n01

IF(NGR,EQ,1) GO To 34

IF(1GRP,GT,NGR/2) 111=8

{F(1GRP,EQ«NGR/2+1) REWIND 2

34 DO 71 K=1,J2

DO 74 Ls=si,J1
Bi(1,KsL) = 0,0
Bi¢(2,K,L) = 0,0

74 DM(K,L)=0,0

75 CltKkaL) = 04

DO 75 L=1,J2
DL K, L) m
D1(2,K,L)

71 CONTINUE

REWIND 3

12=1

EM5=,000001

DO 202 K=1,J2

LzKeJ2

IF((DELTA(K,1),GT EM5) OR,(DELTA(L,1Y,GT,EM5))G0 TO 291

202 CONTINUE

DO 203 K=1,10
IF((GAMMA(K,1,1),GT.EM5) ,0R, (GAMMA(K,2,1),GT.EM5))G0 TO 2ny

203 CONTINUE

12=0
DO 204 K=1,J2

L=KeJ2
sB(K,1)=0,

204 sB(L,!)=0,

201

23

NTCTR=0
IF(IGRP«NE+1) GO To 23
MM523000
M5=MM5
MM623001
MM3=3001
MN4z6000
MM5 z »MM5

M5 =.M5
MN43MN4 +MM5
MM4 zMN4
MM6gMMb & MM5
MM3 =MM3 &« M5
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11

70

72

82
73

205

M4 =MM3

DOgqK=q,J2

DO11L%*1,J1

B(1,K,L)=0,0

IF(MFR,GT,q) GO TQ 7,

Bl1,1,1)=1,

B(1s1,J1)aeALPHAlL,])

D01Js2, J2

M?-Ji-Jo1

B(1,J,9)=,5

B(1,J,Jnlye,5

BlgsJiMg)zw,50ALPHACy, 1)

Bl1l,JsMb6%1)3= ,5¢A pHA(1,])

GO v0 73

Btd,3,1yed,

Di(1s14+1)= =ALPHA(4,1)

Do 72 Jl?.gz

B(1,J,d)=,

B(g,J,dn1)8,5

Di(isJ0J) = = 5%ALPHA(L, 1)

Di¢1,J,J~1) = -, 5e¢ALPHA(L,1)

DM(J2,J1) » 1,0

B1(1,J2,J1) = ~ALPHA(2,1)

DO 82 J=2,J2

K3 3 JiwJey

K23 2% ¢4

B1(1,K2,K3)z-,50ALPHA(2, 1) _

B1(1,K2,K3+1) = = 5%ALPHA(2,1)

DM(K2,K3) = .5

DM(K2,K3e1) = ,5

J53J2+1

IF(BETA(L1,]).E0,0.,)G0 TO 200

M7aJiel

p02J=J5,M?

EM=2,#042(J)

M2 gl=gel

D02Ka1,J2

B(g,K)J)=Bl1 Ko J)e(BETA(gs 1) eENeU(Mg))

B(LsKaJ*1)=B(1oKs JoL)*(BETALL. [IPEMOY(ME))

IF¢12,EQ,0) GO TO 208

$B(y, 1 26AMMACy, 1, 1) eDELTACI], 1)

SB( 1, 1)=GAMMA(L.2, [)*DELTALL. )

D04Js2,J2

Mé=JleJel

ggt:o.l)-cAnnA(x.z.x)ccntLrAcJ,rsonsLTA(J-1.r),-.s
al,

D05Js1, J2

LLLNEENLSE

DOSL=1,9

EM=wEM

SB(Jy1)=SB(J, [)eGAMMA(L+1,1,1)ent(M6,L)

SB(M6,1)=SB (M6, )+GAMMA(L+1,2,1)e01(J,L)*EM

M721

ML = ¢

M2 ® 2

PICK UP REGION [NDEX
DOR2J5a1, JMAX

PICK UP PROPER MATERIAL NUMBER
MésMIR(J5)

EM=SIGS(1,M6)
IF(1BUK,EQ,5)EM=EMeBUCK(1+26,1)
EM13SIGS1([.M6)

93
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51

60

802

801
803

1

o

69
81

12
68

«

1

o

ge

DLT@&S 5'DEL§‘J5)

DO 51 JJ=1,V1
snsc(JA,JJ)-(EMaAothA)oEMinAn(JA.i.JJ))-DLTA1
EMI=SIGT(1,M6)«DLTAL
PICK UP PROPER POINT INDEX
DO 60 JA=1,J2
SOMEEEM3*WU(JA)
Q1(JAs1)=SOME+U(JA)
01(JA,2)=SOME+V (JA)
01(JA,3)=SOME=U(JA)
01t JAs4)=SOME=V(JA)
CONTINUE
IF(J5«JMAX)B0L1,802,802
Lell(Js)
GO 1O 803
Le I1¢J5) - 1
[l R AL
IF(K"MAX) 62727
DO10Ki=1, )2
DQ;UJCli,Jl
D¢K1aJC)30.0
IF(MFR,NE, 1) GO TO 81
IF(K.,NE,MAX) GO TO 84
DO 69 J=1,J1
DO 69 JC=1,J2
D(JC,J)=D(JC,J) «DM(JC,J)
GO 10 68
D(J2,J1) = 1,0
D(J2,1)=~ALPHA(2,1])
poi12J=2,J2
K3eJieJol
K2z J2eJel
D(k2,K3)=,5
D(K2,K3¢1)=,5
D(KZIJ)"-S'ALPHA(z'I’
éK? 1= 1)=w S«ALPHA(2,1)
g2 J2 ¢
[F(QETA(Z.I).EQ.O.O) Go Y0 602
K2sJlel
D013J=JC, K2
EMe2,0%012(J)
K3=J1'J‘1
DO13K1s1,J2
D(Kq,K3)=D(K1,K3)+(HBETA(2, [)eFMali(J))
D(K1,K3e1)=D(K1,K3=1)*(BETA(2,])eEMey(J))
GOT0602
BEGIN SETTING IN SCATTERING COEFFICIENTS
DO 52 JC=1,J1
DO 52 JR=1,J2
JClsJi1~JC
JRBsJ11eJR
JRD=zJ21=JR
ACJR,JC)=B(M2,)JR»JC)=~SMSC(JCT, JRR)
C(JRyJC)=D(JR, JC)=wSMSC(JCI, JRD)
CONTINuE
DO 67 JT=1,J2
CD1=01(JT,1)
CO4=01¢(JT,2)
cD2=01(¢JT,3)
€02z01(JT,4)

ADD IN GEbMETRlc ANLD TRANSPORT COMPONENTS WHERF NECESSARY
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648
503

505

602

606
607
608

609

613
612

610
614

J%'JII-JT

JR=J21-JT

ACJT gt =Al T yT) *CDL
B(M2,J7,JT)3B(M2,JT, T)+CD2

C(JR, JC)=C(JR, JC)+CDy
DCURIJCIEDCUR I JC) +C2

IF¢JT,LT,2) GO YO 67

ACJT, JTeg)2A(JT,JTay)+COy
B(M2:JTsJT*1)2B(M2,JTs Tel)eC02
C(JR,JCe1)2C(JR,JCul)COL
D(JR,JCe1)=D(JR, JCa1)+CO2

CONTINUE

IF(1G)648,602,602

PRINT 503,1

FORMAT(///33H MATRIX ELEMENTS =-B.DsAsC GROUP ,12)
PRINT 505, ((B(M1,JUA,JJd),dJ=1, 1), JAst, J2)
FORMAT(6(5X,E13,5))

PRINT ;g:.((D(JA'JJ)nJJ'loJi).JAlitJZ)
PRINT 2 CCACUA, UYL JU=1, Jt), JAel, J2
PRINT 505,((C(JA.JJ),JJ-,,jl;.jA:1.jz;
FIRST DIVIDE ALL SuB DIAGONAL ELEMENTS BY DIAGONAL
DO 647 Ki=1,J1

K22Kg+q

IF(Kk1.,GT7.J2) GO Yo 603

M3zl

EM4sl,/B(M1,K1, K1)

GO TO 604

KA=K1®J2

M3IsKA+l

EM4eq,/D(KA,K1)

IF(K1,GE,J2) GO Tp 6:8

DO 607 JC=K2,J2
XL(M4)=wEM4eB (M1, JC,KL)

DO 605 J=K2,J1
B(M1,JC,J)=B(M1,JC,J)exL(M4)yeR(M1,.KL,J)
IF(MFR,NE,1)G0 TO 607

DO 606 J=1.J2
D1(M1,JC,J)sD1(M1,UC,J)exL(Mda)eD1(ML1,K1s))
M4sMdel

IF(K1,EQ.J1) GO To 635

DO 611 Je=M3,J2

XL(M4)zeEMaaD(J,K1)

1IF{k1:GTJ2) GO To 610

DO 609 JCsK2,J1
D(J,JC)sD(J,JC)eXL(Mg)wB My ,Kq,JC)
IF(MFR'NE'1) GO TO 611

IF(K,EQ,MAX) GO TO 611

DO 6312 JC=y,J2

EN=X| (M4)*D1(M1,K109C)
IF(K,EQ,MAX=1)G0 TO 613
C4(J,JC)=Cy(J,JC)EN

GO 70 612

C(J,JCyeC(J,JC)+EN

CONTINUE

Go To 611

IF(K1,EQ,J1) GO TO 611

DO 614 JC=K2,J1
D(JaJCIED(JaJCI XL (M) oD (KA. JC)

DO 615 JC=i,J1
C(J,JCI=C(J,JCreXL(Ma)eC(KA, JC)
IF(MFR.NE,1)G0 TO 611
IF((K1.EQ,J1),0R. (K.GE.MAX=1))GO TO 611


http://JR.J21.JT

96

616
611
635

621
620

622
624
623

625
617

632

631
633
626
647
643

504

=

Eg(ﬁfﬁcfgciiﬂeJc>.xL(H4>-citxA.Jc)
M4EMdel

1F(K,EQ,MAX) GO TD 647

DO 637 JC=y,J2

XL (M4)EeEMAwA( JCoKL)

1F(K1,67,J2) GO TO 619

D0 648 JsKp,J1
ACJCIJ)ZACJC ) * XL (M4)*BIMLaK1, )
IF((MFR,NE,1),0R.(K.EQ.MAX)) GO YO 617
DO 629 J=y,J2

EN=XL(M4)*D1(ML1,K1,J)

1F(K,LT,MAX=1) GO TO 621
B(M2,JC,J)=B(M2,JC,J)«EN

GO TO 620

D1¢(M2,JC,J)=D1(M2,UC,J)+EN

CONTINUE

GO TO 617

IF(K1,EQ,J1)G0 70 624

DO 622 J=K2,J1
ACJCoJ)ZALJCJ)# XL (MA)eD(KALI)

DO 623 J=1,J1
B(M2,JC,J)=B(M2,JC,J)exL(M4)eC(KA, )
IF(MFR.NE,1) GO TO 617
1F(K,GE,MAX®1)G0 TO 617

DO 625 J=1,J2
D1(M2,JC,J)2D1(M2,JC,J)+XL (M4)*CYL(KA,J)
Mé4zM4el

IF(MFR.NE,1)G0 TO 647

DO 626 JC=1.,J2
XL(M4)=eEMdeBL (ML, JC, K1)

IF(Ky,GT,J2)G0 TO 627

DO 628 J=K2,J1
B1(M1,JC,J)=B1(M1,UC, J)«xL (Md)wB(ML, K1, )
DO g29 J=g,J2
DM(JC»J)=DMCJC ) *xL (MA)eDL(ML,k1s )
GO TO 626

DO 634 Jzk2,J1
B1(M1,JC,J)=B1 (M1, C,JyexL(Mg)yeD(KA,J)
JIF(K«EQ MAX=1) GO TO 631

DO 632 J=1,J1
B1(M2,JC,J)=B1(M2,UC,J)+XL(Ma)eC (KA, J)
IFCJGTJ2) GO TO 632

DM(JC, J)=DM(JC, J) e XL (Ma)wCL(KA, J)
CONTINUE

GO TO 626

DO 633 J=1,J1
DM(JC,J)=DM(JC,J)+XL(Ma)eC (KA, J)y
M43Maey

CONTINUE

1F(16,GT,0) GO YO 649

PRINT 504,1,K

FORMAT(///58H FACTORED MATRIX ELEMENTS., 8, D, A, C, B1, D1, €1,
1ROUP 12,2x,5HPOINTI4)

PRINT 505, ((B(M1,JA,JJ), dz1,01),JAhey,J2)
PRINT 805, C(DCJArgg) s dy=1sJ1), gaeisg2)
PRINT 505, ((A(JA,Jd),Jdu=1,J1), JAsl,J2)
PRINT 8505, ((C(JA,JJ),Jdd=q,J1),JAn1,J2)
IF(MFR:NE+1)G0 TO 649

PRINT 505, ((B1(M1,UA,JJ),JJel, U1y, JAet, J2)
PRINT 505, ((D1(M1,JA,JJ),JdJag,Jp),JAmy,J2)
PRINT 505, ((C1C A, gu)syJml, g2y, gaz1,92)

G



649 xz.i
DO 601 J=1,J2
DO g01 JC=y,J1
601 B1(M1,J,JC)m0,
DO 703 J=1,J2
DO 700 JA=J,J3
UAC(MM4) =B (M1, Js gA)
700 MM4zMM4a1
IF(MFR,NE 1)G0 10 793
IF(k:GTiMAX®1) Go To 703
DO 630 JAel,J2
UA(MMg) =Dy (M1,J,JA)
630 MMAzMM4=1
703 CONTINUE
K22 J241
DO 705 J=1,J2
JCAK24 1
DO 706 JAsJC,Jl
UA(MMg)eD(J, JA)
706 MMAEMMa=1
IF(K,EQ,MAX)GO TO 705
DO 704 JAs1,J1
UACMM4A)=C(J, JA)
704 MM4sMMés1
IF(MFR,NE,1)G0 TO 705
IF(K.G E.MAX=1)G0 TO 708
DO 701 JAel,J2
UA(MM4)2C1(J,JA)
701 MM4szMM4=1
705 CONTINUE
708 JuMi
M13M2
M23y
DO 642 Ja1,J2
DO 442 JC=y,J2
642 ci(JéJc).n'
Di¢M2, J, JC)u0
ACogutTHELEF TlAC,g) :
CHECK IF BUFFERS ARE FuLL
IF(KaMAX)709,711,711
709 IFC((NTCTRe1,LT.NK(2)), AND, (K.LT.(NTCTRe1)«NN(1))) G0 TO 24
IFCNTCTR*1:EQNNE2)) Go vO 21
711 IF(UNIT,I11)711,712
712 IF(UNIT,3)712,713
713 1F(UNIY.8)713,714
714 M4=M4,1
IF(NGR,NE,1)GO TO 715
BUFFER OUT(8,1)(XL(MM3),XL(M4))
715 BUFFER OUT(ITI,1) (XL (MM3), XL (M4))
1F(16G)651,716,716
651 PRINT 501,1,M4,K,IDIM,IUDIM, 11 DIM
501 FORMAT(29HXL WRITTEN ON 2 AND 8, GROUP ,12,14,12HWORDS, POINY,I4
3a15,15,15)
PRINT 505, (XL(J),JaMM3, Mg)
716 MMAEMMA+1
IF(K,EQ,MAX)GO TO 21
IF(NTCTR,EQ,NN(2)=2) GO TO 656
BUFFER OUT(3:1)CUA(MM4),uA(MN4))
1F(1G) 455,656,656
655 PRINT 502, 1,MM4,K
502 FORMAT(25H UA WRITTEN ON 10, GROUP +12,16,12HWORDS, POINT.I14)
656 NTCTRsNTCTRel
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21

22

735
726
723

ya1
722

736

724
725

731
732

742
728
729
730
733
734
507
6000

500

NN(10)=MM4

MM5 =« MM5

M52 =M5

MM6eMMbéeMM5

MM3=MM3 +M5

M4aMM3

MM4=MNA4+MM5

MN4aMM4

CONTINUE

SET BEGINNING OF NEXT REGION
M7=11(J5)

CONTINUE
AC69%(TIMEBEG=AC68)*.001
PRINT 508,AC67,AC69,1

FORMAT (7H TIMEq=Fg,3,7H TIMEp=Fog,3:6M GROUPIx)
NCTRINN(2)

IF(NCTR,LT,3) GO TO 723

IF(UNIT,3) 735,726

BACKSPACE 3

IF(UNIT,I11) 723,721
IF(UNIT,8)721,722

B?FFER QUTCITI»1) (UA(MMAY syALtMNE))
1F (NGR,NE,1)G0 10 736

BUFFER OUT(8,1)(UA(MM4),UA(MN4))
NCTRENCTR®1

IF(NCTR,EQ,0) GO TO 742

MM = ~MM5
MM6sMM6 «MM5

MNA=MN4+MM5

MM4aNN(10)
IF(UNIT,3)724,725,728
IF(NCTR,EQ,1)G0 TO 723

M4 =MN4 =MM5

MBaM4=NN(6)+1
IF(UNIT,18)731,732

BUFFER IN(3,1)(UA(MB),UA(M4))
NN(10)=MB

BACKSPACE 3

GO TO 726

REWIND 3

GO TO 6000

DO 734 ICYR=1,20

BACKSPACE 3

PRINT 500

1F(UNIT,3)729,730

BUFFER IN(3,1) (UA(MM4),UA(MNGY)
IF(UNIT,3)733,725,734
CONTINUE

PRINT 507

FORMAT(«0 FAILED «)

CALL EXIT

CONTINUE

RETURN

FORMAT (#0EOF OR PARITY ERROR IN MTXSET, TAPE 10, TRIEPN 20 TIMESw)
END

(R L L A LA A I T I I e o

PROGRAM MTXSES
COMMON/AL/LL(250),E(17435),CC(6),NNC21),VR,LC,NA,NOF,LF,NaF, ¥sds

IK,L,M,Ji,JZ,JJ.‘M,Jb,Hj,HZ,HJ,M‘.M5,H6.H7,SOME,SUM,AJ,51.SZ,‘\UL,
2LGO,NCE,AN, IT,XPT(150),IDIM, TUDIM,ILDIM,NPI+FIGM1,EIGEN,ETGENL,EIG
SEN2, NEXT,K3,MM5, 111,MM4,K1,K2,NCTRsPOWR2(189),POMRI(189),5C(350,26
4), XK(3),VX(3), TIMEBEG,NUTCON,SEARCON,EIGM3, SCFLUX(150,26), 1JK1,
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24

23

SEM1,MATNO(20),1 PRO » W

Dl%éNsION 1140 Elia74%¥fhEﬂa?%%Y?b%bEz??&33!enu(zz)..LpuA(z;ze».
IDELTA(22,26),svn(1e9,26);sxc1¢zs;25),slcs(26,25),slcsa(ao,zsg,vusx
20(26125).6“1(26.25).STR(236.25).87“1(25.25):VINV(26.25’.LH69126).
SLHREG(b)nCONC(‘O):Mxx(AO).MTlx(zﬁ)'NTMIX(ZO)»GAHMA¢10.2.26):EuCK(
426,25),BETA(2,26), RATE(25)
EOU!VALENCE(LL(x).nAx).(LL(z).JM4x).(LL(!).Noﬂ).(LLta).u).(LL(s).
1NDS):(LL(Q).NPS):(LL(7).N01).(LL(Q’:ITOUT):(lL(Q).Lcc)‘(Ll(1~);H!K
2).(LL(11).LPG),(LL(12).lDP).(LL:iS),NuTESY).¢LL(14).JSP).(LL(15).N
JMIX).(LL(16).HMIX>.(LL(17),knsaa;(LL(1e),NSOs).(LL(1°).~705)-(LL(
420).K111).(LL(21).xuuK).(LL(29).HADJ).(LL(zs).nra).(LL(ac).rc).(LL
5t25)nIEX°P).(LL(26).ll!.!LL(Gé).MlR).(LL(ID‘),M[!).(LL(146)J'TIX).
6(LL(166)nNT"lX)n(LL(186).N”BP).(LL(187).VHREG).(LLIiBe).LNRE“)o
7(LL(19B).LucP);(LL(224).Lrasa).(LL(zzs).upATg).(LL;zzg),LnArs)

EoulVALENCE(LL(zzo),NFREn),(5(1;,5951).(5(2),5952).(E(S).Epsz),(e(
14).F‘C).(E(5),THETA).(E(}).SEN).gE(7),SGES).(Ete),ﬂﬂ).(F(O).llN).(
25(10):DELR):(E(50).SIGT).(E(?no).slGS)o(5(1350)-51651).l;(zoﬂo).VU
3516).(5(2650).CH1).(E(3300).STR)3(5(9150).STn1).(5(9775y.v!NV).(E(
410425),ALPHA),(5(104771,BETA).tE(ioszo).aAnHA),(5(110.9,,05L1A,,(E
5(11621)4EMU)» (E(11693).CONC) . (E(11683)sPOWRL), (E(11872),BUcK) s (E(
612522, 5yM)

connoﬁlz/thaooo)
COMMON/A2/SB(22,26)sAL2(22),3(22),V(22),Wy(22),A02(22),40(2243,22)
1,0172¢22),01¢22,9),w(11,12),P1(11,9),
1P2(11,91,AL1(22,9),AL2(22,9),7(22),SMSC(22,22),
SLMAX»AC11s 22)4B(2,11222)0C(11,22)4D(11,22)4/A(6000)
BANK(1),MTXSES, /AL,

BANK(0))/2/47h2/0 7037

Jilm i1

21aJ2e1

jJ:JZ.i

11122

JilaJlel

2154241

SO 6000 IGRP=1,NGR

IF(NGR.EQ,1)G0 TO 24

IF(IGRP,GT,NGR/2) Il]ag

IF(1GRP=1,EQ.NGR/2) REWIND 2 > .
AC67=(TIMEBEG-TIMELEFT(AC67))e.001

1=1GRP

I=IGRP

IF(MADJ,GT,0) I=NGR=IGRP+1

REWIND 3

NTCTR=0

IF(1GRP,NE,1) GO TO 23

MM523000

M5=MM5

MMée3gp1

MM333004

MN4=6000

MMS5 = wMM5

M5=<M5

MN43MN4«MM5

MM4zMN4

MM6=MMB 4 MM5

MM3aMM3I e M5

M4=MM3

EM5=,000001

12=4

DO 202 K=1,J2

LsKeJ2

IFC(DELTA(K,I).GT,EM5).0R, (DEI TACL+1).GT.EM5)) GO Tp 201

99
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100

202 EAMDHY ey, 10
IF (ABSF (GAMMA(K,1,1)).GT,EM5) GO 10 201
IF(ABSF (GAMMA(Ka24 1)) +GT+EM5) GO TO 201
203 CONTINUE
1220
DO 204 Kei,J2
LEK*J2
204 SB(K,I)sSB(L,[)=0,0
201 DO 11 K=y,J3
poiiL=1,J1
11 B(4,K,L)=0,0
DO0gJ=2,J2
M6F Jiw g+l
B(i,J-l,J-i):u(M6.1)
B(1,Jm1,J)=V(Meel)
B(i:J‘iaMb’l)ﬂ'ALPHA(inl)'u(Nbel}

1 B(1,J~1,M6)EB(1,Jet,M6)-ALPHACL, 1I#V(MEel)
1F(BETA(1,!).E0,0,0) GO TO 200
D02J=2.J2
Mb=JlsJel
DO2K=1,J3
M73J1wK*1 ; ’

ENz (EMU(M7)«EMU(M71))+BETA(1, 1)e01Z ()
B(1,K,M6)3B(1,K,Me)eU(J)eEN

2 B(1,K,M6+1)8B(1,K,M6+2)+yv(JI*EN

200 1F(1z,EQ,0) GO 1O 2US

$B(Jg,1)=GAMMA (1.2, 1)*DELTA(Y, 1)
po4Js2,J2
MézJlaJel
SB(M6,1)=GAMMA(1,2, [)w(U(J)eV(J))+U(JI*DELTACJ, 1)
1eV(J)#DELTA(J=1,1)

4 SB(J'1:I’=GAMMA(1:1-I)'(U(M6°1)OV("O‘i)”U(Hb’l)'DELYA(H6°2aI7

14V (M6e1)«DELTA(Mb41, 1)
EMzey
006L=ar9

e
D05J=2,J2
MézJledel
EN=P2(J=1,L)/01Z())
SB(M6, 1)=SB(M6, 1)eGAMMA(L#1,2, 1)¢EN
5 SB(Jw1,1)8SB(J-1,1)«BAMMA(Lef,q,1) *ENsEM
6 SB(J1,1)5SB(JL,]1)+GAMMA(L+1,2,1)e01(1,L)

(o} NOW GO INTOD THE GENERAL MATRIX ROUTINE
205 M7=1
Mi=1
M2=2
c PICK UP REGION INDEX
D022JU5=1, JMAX
c PICK UP PROPER MATERIAL NUMBER

s

Bng Eif317197551.nﬁLa<J5)

DELRRT=2+*DELRR

DO 60 JT=1,J2

L52J11=JT

01tUT 1) 25 IGT (T aMEY *WULIT)

01(L5,1)=SIGT(I,M6)awl(L5)
60 CONTINUE

EM4=SIGS (]2 M6)

EM52S1GS1(1,M6)

DO 53 JA=q,J3

K5=J11"JA
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K6=§5¢1
gascl JJd=1,J1
(JA,JJ)2EMaeARZ(JA)+BMReAn(JA,L,Jd)
51 SMSC(KS:JJ)SEMAAQZ (K6) +EMS S 1ad0)
D0 14 JJri,ul "} EMS*An(k&,1.0Jy
14 :TSC(JZ'JJ)'E"4'(‘OZ(JZ)OAGZ(JZ!))’5"5'(lO(Jz.1.JJ!oA0(J21.1ZJJ))
K_UP PROPER
lF(J5~JHAx)eoa,:g5?L~ aig
802 L=!I(Js)
G0 v0 803
804 Lz11(J5)-1
803 DO 21 K=M7,L
IF(K"MAX)B8,7,7
7 DO10K1=1, 2
D0g0JC=y, U1
10 D(K1+yc)=040
D(J2,J1)=1,0
D(J2,1)8=ALPHA(2, 1)
D012J%2,J2
K3z JleJel
K23J2wJey
D(K2,K3)=yty)
D(K2,K3el)ayv(J)
D(K2,Je1)maALPHA(2, 1) %V ()
IF(Jy=J2)15,12,12
15 D(K2,J)s=ALPHA(2,1)*u(J)
12 CONTINUE
EM=1.,»ALPHA(2,])
IF(EM)658,659,658
658 D(1,J2)3EMeU(J2)
659 IF(BETA(2,1).EQ,0,0) Go 10 602
DO 16 Js2,J2
K3=J11=J
DO 17 K1=1,y3
K2aJ11eK1
MMBaJpqeKy
EN®EMU(MMB) *EMUtMMB=1)
EMaBETA(2,1)#017(K341) »
D(KgysJ=g)=D(Kg,J=q)~U(K3eq)#ENREM
17 plkisg)=plkis JIey(KS+1) *pNeEy
D(J2,J-1)gD(J2,J1)=U(K3al)e2 +ENM
16 D(J2,J)aD(J2,J)eV(K3e1)np. eEM
G0T0602
8 EM3aXPT(Kel)
EMgaXPT(K)
EMSSEMI*EMI
EM62EM3eEM4
EM7=sEM4wEM4
EMBSEMS+EMS
DLTAL=DELRR* (EM5+EMB4+3, «EM7)
DLTAZ-DELRR'(S.tEMsaEHBoEH7)
BTA=(EM5+EM6+EM7)+4,1887902
GMMA1=DELRRT*(EM3+EM4aEM4)
GMMA2sDELRRT*(EMIEM3«EM4)
BEGIN SETTING IN ATTER i1
85 LJC:l,Jl Sc ERING COEFFICIENTS
JClsJgg=JC
D0 52 Jr=1.,J2
JRB=zJ11=JR
JRD2J21=JR
C(JR+JCI==DLTAZ*SMSC(JCI.JRD)
D(JR,JC)=«DLTAL«SMSC(JCI, JRD)
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L %llﬁﬂ#ii:gisc<ch.Jna)

B(M2sJRs»JCIE-DLTA2*SMSC(JCI+JRB)
52 CONTINYE
53 CONTINUE
D067JT=1,J2
JC=J11-JT
L5=JC
EM=01(JT,1)
EN201(JC, 1)
SOME®DL TAL*EM
ASOME=DLTAL«EN
SUMaDLTA2«EM
ASUMEDL TA2*EN
CD1aU(JT)eBTA
C01|V(JT)QSTA
CRL%Z(JTI*GMMAL
CR23Z(JT)«GMMA2
ACDy=U(L5)#*BTA
ACO1=y(L5)*BTA
ACR1372(L5)»GMMAL
ACRpeZ(L5)#GMMA2
c ADD IN GEOMETRIC AND TRANSPORT COMPONENTS WHERE NECESSARY
JR=J21.JT
C(JR,JC)2C(JR,JC)+CLU1+CR2+SUM
D{JR»JC)=D(JRs JC) *CLL1*CRL*SOMF
1F(JTeJ2)66,69,69
66 ACJT,JT)=A(JT,JT)eACDL+ACRL+ASOME
B(M2,JT,JT)3B(M2,JTsJT)+ACD1+ACR2+ASUM
ACJT,JT+1)=A(JT,JTel)~ACOL-ACR14ASOME
B(M2,JT,JT+1)=B(M2,JT,JTe1)¢ACO1«ACR24ASUM
68 IF(JT=1)67,67,69
69 C(JR,JCe1)=C(JR,JCel)«CO01-CR24SUM
D(JR,JC+1)aD(JR,JCe1)~C0q1~CRY+SOME
67 CONTINUE
1F(1G)648,602,602
648 PRINT 503
PRINT 505, ((B(MLsJArJI) s Jd=1s1),0ARL,U3)
PRINT 505, ((D(JA,JJ),dust, 1), JAgl, J2)
PRINT 805, ((ACJA, JJ),JdJzg,J1), JheysJ3)
PRINT 505, ((CtUArJu)sJu=1sJ1),gam10g2)
c NOW FACTOR AND PLACE IN BUFFERS
602 DO 647 Kial,J1
K2zKq*y
IF(K1:6T.J3) GO To 613
M3=1
EM4=1,/B(M1,K1,K1)
GO TO 6p4
603 KA=K1<J3
M3aKAel
EM4a1,/D(KA,K1)
604 JF(K1,GE.,J3) GO To 608
DO 607 JCek2,J3
XL(M4)==EM4wB (M1, JC, K1)
DO 605 J=K2,J1
605 B(M1,JC,J)sB(ML,JC,J)exL (M4) R (ML, KL, )
607 M4aM4eq
608 IF(K1,EQ.J1) GO TO 635
DO 611 J=M3,J2
XL(M4)zeEMawD(J,Kq)
IF(K1,6T+J3) GO TO 610
DO 609 JCaK2,Jl
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609
610
614
615

611
635

618
619

622
624
623
617
647
643
660

649

700
703

706

701

704
708

708

710

14
712
713
714

713

BSJ*8CAIE(J'JC).XL(H‘)'Blni'Ki'JC)

IF(Kk14EQ-J1) GO To 611

DO 614 JCak2,J1
D(J,JC)'D(J,JC).XL(N4).D¢KA.JC)

DO 615 yc=1,U1
C(J,JC)-C(J,JC).XL(Ht).C(KA,JC)

M4=M4 ey

IF(K:EQ:MAX) GO To 647

DO 617 JCel,J3

XL(M4)=aEMawA(JC,Ky)

IF(K1.GT.J3) GO To 619

DO 618 J=k2,J1

ACJC, J)mA(JC, J)eXL (M) B (My,Ky,J)

GO TO 617

IF(K1,EQ,J1) GO To 624

DO 622 J=K2,J1
ACJCIJIBACJIC, J) XL (M4) D (KA, J)

DO 623 J=1,J1
B(Hz,JC,J)lS(Nz,JC,J).xL(HQ).C(KA.J)
Md4=M4+1

CONTINUE

IF(16G)660,649,649

PRINT s04

PRINT 505, ((B(M1sJA»JJ) ) Jm1,s 1), ARe,03)
PRINT 505,((D(JA-JJ).JJ-!.J!),JA&!.J?)
PRINT 505, ((A(JA,JJ),JdU=g,J1),  JAn14J3)
PRINT 505, ((C(JA,gJ)»Jdu=1sJ1), JAnlsg2)
K2s1

DO 703 Jsyg,J3

JCay

DO 700 JAsJC,J1

UA(MM4)aB (M1, J, JA)

MM4=MMA=]

CONTINUE

K2sJ2

DO 705 J=1,J2

JCEK2e el .
DO 706 JA=JC,Jl

UA(MM4)uD(J,JA)

MM4aMM4 =l

IF(K=MAX)701,705,70%

DO 704 JAsy,J1

UACMMA)=C(J,JA)

MM4gMMéo1

CONTINUE

SWITCH B MATRIX

JaMi

Mi{=sM2

M2®y

CHECK IF BUFFERS ARE FyLL
IF(KeMAX)710,711, 711

IF((NTCTReg LT NN(2)) AND,(K,LT.NN(g)«(NTCTR+4))) Gp TO 24
IFINTCTR*1.BQ/NN(2)) Go To 24

IFCUNIT, I11)711,712

IF(UNIT,3)712,713

IFCUNIT,8)713,714

MdzM4el

IF(NGR.NE,1)G0O TO 715

BUFFER OUT(8,1) (XL (MM3),XL(M4))

BUFFER OUT(III,1)(XL(MM3),XL(M4))
ACa8=TIMELEFT(AC68)

103
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7

651 Lgihg)ggiizfai,ifxnxn-runln.XLnru
PRINT 505, (XL(J), JeMM3,M4é)

716 MMgsMMgeq
IF(KEQ+MAX)GO TO 21
{F(NTCTR,EQ ,NN(2)e2) Go Y0 6%6
BUFFER OUT(3,1) (UA(MM4),UA(MNS))
IF(16)855,656.656

655 PRINT 502, 1:MM4,K

656 NTCTRsNTCTRe1

741 NN(1g)mMM4
MMSE"MM5
M5=aM5
MM&aMM6eMM5
MMIgMMI e M5
M4esMM3
MM4SMN4 *+MM5
MN4gMM4

21 CONTINUE

c SET BEGINING OF NEXT REGION

M7al](J5)

22 CONTINUE
NCTRENN(2)
IF(NCTR,LT,.3) GO TOo 723
AC69s(TIMEBEG=-AC68)w%,001
PRINT 510, AC67,AC6Y,!

510 FORMAT(7H TIME12F9 8,7H TIME2=F9,3,6H GROUPIZ)

735 IF(UNIT,3)735,726

726 BACKSPACE 3

723 tF(UNIT,I11)723,721

721 IF(UNIT,B)721,722

722 BUFFER OQUT(II1,1) (UACMMA) ,uALMNA))
IF(NGR,NE,1) GO TO 736
BUFFER OUT(8,1) (UA(MM4),UA(MN4))

736 NCYRENCTR=1
PRINT 508,1,MM4,MN4

508 FORMAT(32H UA WRITTEN ON 12 AND g8s GROUP ,1p,6H, FROMIg,4H ‘Y0 I6)
IF(NCTREQ+0) GO TO 742
MM5zeMM5
MM6aMM6 & MM5
MN4sMNgG «MM5
MM4sNN(10)

724 [F(UNIT,3)724,725,728

725 IF(NCTR,EQ,1)G0 TO 723
M4=MN4 *MM5
MBeMA4aNN(6)el

734 IF(UNIT,18)731,732

732 BUFFER IN(3,1)(UA(MB)spAtM4E))
NN(10)=M8
BACKSPACE 3
GO 10 726

742 REWIND 3

89 19,6000
728 DO 734 [CTR=1,20
BACKSPACE 3

1
P 500
729 1F§8er,3)729,730
730 BUFFER IN(3,1)(UA(MMg),UA(MNg))
733 IF(YUNIT,3)733,725,734
734 CONTINUE
PRINT 509
509 FORMAT(#0 FAILED w)
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oo

6000

500
501
502
503
304
505

BWN -

105

Eoky RSET

RETURN

FORMAT(«0EOF OR PARITY ERROR ON TAPE 10 IN MTXSETe)

FORMAT(28H XL WRITTEN ON 2 AND 8, GROUP,12,14,42HW0RDS,POINT;14)
FORMAT(25H UA WRITTEN ON 10, GROUP +12+16,12uW0RNSs PAINT.14)
FORMAT(///35H MATRIX ELEMENTS «B,D,A,C 121,NGR )

FORMAT(///25H FACTORED MATRIX, R.D,A,C)

FORMAT(6(5%,EL3,5))

END

*SEGMENTY 3".-o'-"t-'-0'-t.c.-o.n.'.t.tn-¢ot'a"-a-'

PROGRAM REVERSE

OMMON/AL/LL(250) 17 p N £
0 0300 AR R o N RE YR g AooF 515, MeE  dat
LGONCEsAN 1T+ XPT(150), IDIMs [UDIM- ILDIMANPI+FEIGM1ET1GEN.ETGENLIELG

BENzaNEXT.KS."”5.1ll.HH4.K1.K2.NCTR.I0H“2(169),POHRJ(laO),SC(‘50,26
4),!K(3).vxts).TlMEBhG.OUTCON.sEAhCDN,EIG!;,ScrLux(iso,zsa,lJ"1.
SEML.MATNO(20) s ISET,PROBT(12) s 1SAVEIELOWER(27)

DIMENSION ll(do).nlﬂ(4n),DELa(40).Pouni(te9),EMU(zz),ALnHA(Z;EO).
1DELTA(22.26)'SVM(139,26).SlGT(Ze:?S).5105(26.25).51081(76-29'IVUSI
2G(26425),CHI(26,25),5TR(234,25),8TR1(25,25) sy INV(26,25),LHGP(26),
3LHREG(6).CONC(‘O),Mlx(lU).HTlxc?O)oNTHIX(ZJ).GA“NA(IO.Q.ZG).EUCK(
426;25).BET‘(Z.ZM.LRHE(H)

EQUIVALENCE (LL (1) ,MAX ), (LL(2) . JMAX) s CLLC3)LNGR) » (LLC4)aND . (LL(S),
ANDS), (LLC6) ,NPS), (LLC7),NOT), (LL(B),ITOUT), (LL(9),LE0)s (LLCLY),MIK
200 (LLC11),LPG) S (LLC12) L IDP), (LL(13) s MUTEST), (LL(14), JSP), (LL(L5),N
SMIX) s (LLC16) s MMIX) ) CLLCL7) ,KREG)Y, (LL(18)/NSO8), (LL(19)sNFOS)? (LL (
420),K1T1), (LL(21), 1HUK), (LL€22),MADJ), (LL(23),MFRY, (LL(24), }E), (LL
5(25) s TEXOP) ) (LL(26)» 110, (LL(B6Y,MIRY, (LLE106),MIX),(LLC146)JFTIX),
6(LL(166) /NTMIX), (LLC18B&),NHGP), (LL(187),NHREG), (LL(188),LHREE),
7(LL(198),LHGP), (LL(224),LFRFG), (LL(225),NRATE), (LL(224),LRATE)

EQUIVALENCE(LL(220),NFREG), (F(1),EPS1)s(E(2),EPS2), (E(3),EPSI), (E(
14)4FAC) ) (E(5) s THETA), (F(8),SEN), (ECT)SGES) s (E(B),RR)» (ECO) s X IN)u
2E(10),DELR), (E(50),S1GT), (E(7n0),S1GS), (E(1350),51081), (Ec2000),VU
sslG),(E(265o).CNI).(E(gsoo).STR),(5(9150).S7n1),(Et977§».vl~v).(5(
‘10425)rAbPHA)'(E(104777'BETA)-(!(10529)'3ANHA)r(E(11049)JDEL'A):(E
5(11621), HU),(E(11603),CONC),(8(11653),F3un1,,(6(11372),BUCK),(E(
612’22);23M)( 000) ‘

6
ggu:gn/Azfga(zz,ze),ALz(zza.U(22).V(ZZ).uu(22),Aoz(zza.aa(22)3.22,
1,042(¢22),01(22,9),W(11.12),P1(41,9),
§P2(11:9)'AL1(22a9).ALZ(Z?IO)57(22)0SHSC(22.2?).

LMAx,A(11, 22),B8(2,11,22),€¢11,22),D(11,22),)A(6000,

BANK(g),/2/,7A2/,/7A3/

BANK(1) sREVERSE,/A1/

THIS ROUTINE REVERSES THE GROUP ORDER OF THE COEFFICIENT MATRIX

NOTE, IF ONLY ONE GROUP, REVERSAL NOT NEEDED

IF(NGR,EQ,1) GO TO 100
REWIND 2
REWIND 8
REWIND 3
IF(UNIT, 28,2
IF(UNIT,8)2,3
IFCUNIT,3)3,4
M1sNGR/2
M2aNGReMy

MiiaM1led

FIRST, SKIP DOWN TO LAST GROUP ON TAPE 2

M3aNN(2) *NN(2)

IF NGR 1S EVEN, SAME NO. OF GROUPS ON EACH TAPE, OTHERWISE 8 WAS
ONE MORE GROUP

M42,3000



106

0 ® 3

10

11

13

110
111

14
il
160
16

38

17
18
180
19

Woakncs)

IF(NGREQ, MI*MI)GO ToR1o
DO 9 [s1,M3
BUFFER lN(B.i)(xL(Ma),XLcno):
PRINT 501,M5,M6
M8aM5
MPaMb
M4zaM4
M5EM5*M4
MENN(3)
IF(<1.1 EQ,NN(2)) ,AND, (NN(2) . GT,§)IME=NN(4)
AR ED-NN(Z))MG'NN(5)
IF((1,6T,NN(2)),AND, (NN(2),67,1))MEBNN(6)
PRINT s02,M8, Mo
M6EME*ME "]
IF(yNn1T, 37,8
IFCUNIT,8)8,°
BUFFER QUT(3-,1) (x| (M8 xL(MS))
NOW, POSITION TAPE 8 AT LAST GROUP
M7aM1geM3
DO 11 1®1,M7
BUFFER IN(2,1)(B1,B1)
BUFFER IN(B,1)(A1,A1)
NU:: TRANSFER MATRAGIES FROM TAPE 2 TO TAPE 3
Le
Kag
DO 19 J=i,M1
DO 16 [=s1,M3
M6ENN(3) ’
IFCCILEQ.NN(2)) ,AND« (NNC2).GT.1)IMEBNN(4)
IF(1.EQ,NN(2)+1)M6-NN(S)
S GT NN(2)*1)MgeNN(g)
neuneons 1
IFCUNIT,L) 110,114
BUFFER IN (L,1)(XL(M8B),XL(Mg))
PRINT 503,L,M5,M6
M8=M5
M9aMé
M4z M4
M5zMB4M4
PRINT 5p4,K,M8,M9
xF(UNxT.K)14.15
;UNIT L)15,160
rER UY(K,1>(XL(H5) XL(M9) )
C NY g
(L 0,3),0R,(J,EQ ,M1)) 180,38
n7-M3.M3
DO 18 [=1,M?
BACKSPACE L
IF(UNIT,L)17,18
CONTINUE
CONTINUE
CONTINUE
REWIND L
REWIND K
NOW, TRANSFER MATRICIES FROM TAPE B8 TO TAPE 2
1F(L,EQ,8) GO TO 2¢
IF(LVEQ'3) GO TO 100
L=8
K=2
GO TO 13


http://m5.m5.M4
http://m7.M3.M3

20

100
501
502
503
504

Crenw

514

NOW, TRANSFER F
ng.hz SFE ROM & Tpn 8

K=8

Le3

GO T0 13

RETURN

FORMAT(15H IN ON 8, FROM 16,2HT0 16)

FORMAT(45KH QUT ON 3, FROM lg,2HTn 1g)

FORMAT( 7H IN ONI244HFROM16.2HTD 16)

ESSNAT( 7H OUT ONI12,4HFROMI6,2HTD 16)
'.ttt"t't"tt"t'

PROGRAM LINK 3

COMMON/AL/LL (250),E(17438),CC (6);NNC21) ,NR,LCoNANOFsLF . NAF,14ds
1K.L.H.J1.J2.J3.J‘,Jb.Hi.nz.ns.na;n5.ne.n7.50~s.sun,AJ.81;sz.\0L.
2LGO,NCE, AN, IT,XPT(150), IDIM, 1(DIM, ILDIM,NPT,E1GMs, E1GEN, E1GERY, E1Q
SENz.NEXT:KS.NH!.IIl.uH4.x1.x2.Ncrn.vounztxao),pounstisO),sc(lso.zs
4).xx(3).vx(3).Yxneaea.ouvcou,ssAncou.Elsns,SCVLux(tso.ze).14!1.
5EMy,MATNO(20), I1SET,PROBT(12), ISAVE,ELOWER(27)

DIMENSION 11C40),MIR(40),DELR(40),POWRL(189),EMU(22), ALPHA(2126),
1nEL1A<22.26).svn(1a9,26);sxcr(2s;25;.slGS(zb.zs).sxes’tao,z!!.vusx
2G(26425),CHI(26,25),STR(234.25),5TR1(25,25),VINV(26,28),LHGP(26),
SLHREG(6),CONC(40) ,MIx(40)sMTIx (200 sNTMIX(20),GAMMA(10,2,26) »8UCKC
426,25),BETA(2,26), LRATE(29)

EGUXVALENCE(LL(1),H!X).(LL(2).JNAX),(LL(S).NGﬂ).(LL(‘):N).(LL(S):
ANDS) s (LLC6) sNPS)» (LLCT)/NOTY A CLL(BYaITOUTY, C((LC9)uLp0) s (LLCL0) sMIK
2)4 (LL(11),LPG), (LL(12),IDP), (LL(13) ,MUTEST), (LL(14), JSP), (LL(45),N
SMIX) ) (LLC16)/MMIX), (LLC17),KRFEG), (LLC18)4NSOS), (LLC49),NFOS) s (LL(
420).K171).(LL(21).[Hux).(LL(QQ).nADJ),(LL(23).nra).(LL(24).bt),(LL
5(25), 1EXOP), (LL(26), 11y, (LL(66),MIRY, (LL(1D6),MIX), (LLC146),*TIX),
BCLL(166) ,NTMIX), (LL(186) ,NHGP), (LL(1B7),NHREG), (LL(188),LHREG),
7(LL¢198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226),LRATE)

EQUIVALENCE(LL (220),NFREB), (E(1),EPS1), (E(2),EPS2), (E(3),EPS3), (E(
14),FAC), (E(5), THETA), (E(8),SEN), (E(7),SGES), (E(8),RR), (F(9), X IN),(
2E(10),DELR), (E(50),SI18T),(E(700),S1GS), (E(13850),S16S1), (E(2080),VU
SS1G), (E(2650),CHI), (E(3300),8TR), (E(9150),STR1), (E(9775),VINV), (E(
410425),ALPHA), (E(10477),BETA), (E(10529),8AMMA), (E(11049),DELTA), (E
5(11621),EMU) » (E(11643),CONC) . (E(11683),PONRL), (E(11872),BUCK), (E(
612522),SVM)

COMMON/2/XL (6000)

COMMON/A2/SB(22,26)»AL7(22),U(22),V(22),5(150,22),5.15(189),¥ (150,
122) ,EMAX,EMIN,MAXMAX ,MAXMIN,UA2 (3366)

DIMENSION XBP(22,26)

EQUIVALENCE‘gA?‘l’-xBP)

BANK(1),LINK3, SOURCE, /AL,

BANK(g),72/,/A2/,EXTRAP, CONV

THIS IS THE MAIN ITERATIVE BRANCH OF THE PROGRAM

REWIND 4

EXOs(TIMEBEG-TIMELEFT(EX0))«,001

PRINT 514,FEX0

REWIND 3

EX12EX2=Ex32EXx4sEX53EXN=0,

FORMAT(27H ITERATION BEGUN AT TIME = F9,3)

1K=J2

IF¢(1G,EQ,3).0R,(1G,EQ.~%))IKsJ3

NP1a8
IF(LPG,EQ,2)NPI=4
KREG®KREG
EIGEN2=EIGM3
NEXT=[EXOPe1
IF(JSP.GT,0) NEXT=3
NSOS=NSOS

YOVERLAY 3evevaostetateseeronnrontnsetonrottostsassns

107



108

2001

2000

36
37
38

42
43

44

109
110

658

659

111

113
947

q;os-nros
(LG0)2000,2001+2001
1T=p

EIGEN1=l,

EIGEN2w=y,

KjT=1

I{Ilz

M7=

Do 33 Jul, UMAX
EM.DELR(J)'.S

EMz=EM
A"DELR(J)'1-047197551
Mésll(J)wl

DO 37 KaM7,M6
IF(XABSF(1G).EQ.1) GO TO 38
AM1eXPT(Kel)ww2
AM2eXPT(Ke1)*XPT(K)
AM3IaXpPT(K)#w2
AM4sAM2eAM2

EMmAde (AM14AMAL3, wAM3)
EM3aAqe (3, vAM1+AM4aAMT)
UA2(400%K)2EM
UA2(550eK)=EM3

CONTINUE

M7=11¢J)
IF(XABSF(1G).EQ,1)G0 To 43
DO 42 J=2,J1
ALZ(J)=, 5« (EMUCJ) mEMU(U=1))
DO 44 Je2,J2

M1Ejle el

UA2(700eJ)m,5# (EMU(ML)4EMU(MLLL)y)
UA2(700M1)=.5¢(EMUCUI+EMUCJ=q))
MMS=1

K3ne3000

JJJaeb

NCE=Q

K1=NN (1)

K2xNN(2)

MM4sMME «NN(3) =1
IF(NGR+EQ+1)G0 TO 109
111s2
TF(UNIT,I11)109,110 ;
BUFFER INCITI 1) (XL C(MMB) XL (MM4))
IT=]Tel
1F¢1G)658,659,659

PRINT 517,1,MM4

DO 27 1JK1%1,NGR
EXisTIMELEFT(EX1)
IF(MADJ)111,111,112
I8NGR=]JK1#1

MB0=wl

MB1ag

M823NGR

MB3aNPS

GO TO 113

1%]1JK1

M80I1

MBigwl

MB8251

H63.0

M2EMAX® JMAX =1

FORMAT(26H XL READ IN LINK 3, GROUP ,12,15H NO.

OF WORDs =185)
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a

2003

2007
2002

46
126

109

5 ART THE MAIN RAT
RO OUT THE SDl %E VE%%O%OO’

DO 2 Kel, M2

qu(K)-o.

SL1S(K)=0,0

IS THIS THE FIRST GROUP, IF Sn, NO SLOWING IN SOURC
IF(1JK1e1)9,9,3 t

TEST To DETERMXNE WHETHER THERE {S ANY DOW TT
1F CNDS 2053 200 E{ DOWNSEATTER

TEST 70 DETERMINE Fon P-4 DOWNSCATTER

F(NP?’91905
;;ls S NOT THE FIRST GROUP, PROCEED TO CALCULATE
"

PICK UP REGION INDEX
DO 8 Kel, JMAX
PICK UP MATERIAL INDEX

SRI"IBAER mecion mounDary

BILAYSE poInT 1nDEX

R8 2rYB3TAYs IncReaSES BY ONE AS EACH BOUNDARY IS CROSSED

MSgKe w1

PICK UP SLOWING OUT GROUP INDEX

M4s]eMB0

PICK UP TRANSFER VECTOR INDEX

M3m]eMB1

PROCEED TO CALCULATE SLOWING IN SOURCE=1 DOWN, 2 DOWN ETC.
IF(NPS)2002,2002,2007
UA2(M5)=UA2(M5) e (SCFLUX(J,M4)#STR1(M3,M6))»,238732444
DO ¢ M=1,NDS

SET DOWNSCATTER LENGTH IN TRANSFER VECTOR
ML = 26 « M

CALCULATE SOURCE

StlS(HS)-s§}S(H5 c( M4)«STR(M3,M6)) e, 079877471
RESET TRANSFER VECTOR DEX

M3sMIeM1eMB1

RESET SLOWING OUT INDEX .
WAS THE LAST SLOWING OUT GROUP, GROUP 1
IF (M4«MB2)60,7,60

M4®MAa=MBO

CONTINUE ON SOURCE FOR TWIS PoINT
CONTINUE

NEXT POINT IN REGION

CONTINUE

NEXT REGION

M7=]1(K)

CONTINUE

1F(16)100,9,9

PRINT 500,!

PRINT 501,(SLIS(J),Jd=1,M2)

IF 1TOUT=0, NO FISSIONS

IF¢ITOUT)12,12,10

ADD FISSION SOURCE POINT BY PNINT

M7=l

DO 11 K=y, JMAX

M6EMIR (K)

Lell(K)

IF(MADJ)46,46,926

EN=CH] (] .M6)

G0 T0 39

ENaVUSIG(I,M6)
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39 DO

138
11

101

12
13

1311

1313
1310
102

14

210
7

18

&35 JEM7,L

SLls(M5§'sLlS(HS)osn-Pownl(MS)- 079577471
M7311(K)
IF(1G)101,12,12
PRINT 502,!
PRINT 501, (SLIS(J),J=l, M2)
ADD IN FIXED SOURCE POINT BY POINT
DO 13 Ksi, M2
SLIS(K)SSLIS(K)#SVM(K,1)e.079577471
IF (I1BYK=5) 1310,1311,1340
DO 1313 Kal,M2
SLIS(K)-SLIS(K)'BUCK(1026,1)
IF(1G)102,14,14
PRINT 503,1
PRINT 501, (SLIS(J),Jd=1,M2)
BEGIN CALCULATION OF ANGULAR SOURCE VECTOR
s1=16
1K=J2
[F(XABSF(1G)EQ.3)IK=J3
SUMs0,0
H7l1
DO 21 J=1,JMAX
Mé=1(J)=1
DO 20 K=M7,M6
EMBUA2(400+K)
EM3IsUA2(5504K)
MSEK*J=yq
CONTRIBUTION FROM LEFT SiDE OF INTERVAL
SUMeSLIS(M5)«EM
CONTRIBUTION FROM RIGHT SIDE OF INTERVAL
szn.suM.sLIS(MB.i) «EM3
UATE TO ANGULAR SOURCE AND PLACE IN VECTOR
UA2(K)=UA2(M5) wEMeUA2(MSal) wEM3
IF(UA2(K),EQ.0.0) GO To g7
S(KsJ1)ESyUMmUAR(K)
IF(1K,EQ,J2)S(Kel,1)=SUMaUA2(K)
DO 210 L=2,J2
Miz inm +1
LisleJ2s 1K
S(Keg,Ly)=SUMeUA2 (701 +MgI#UAD (K)
S(KsM1)mSUMeUA(700+ML) *yA2(K)
GO 710 20
1Kz J2
IF((1G.EQ,1).0R,(1G,EQ,=1))GO TO 18
1KnJ3
S(KsJ1)mSyM
DO 19 L=1,IK
S(Kel,L)=SUM
M1z *]K
S(K,M1)mSUM
CONTINUE
CONTINUE
M7=11¢J)
THE SOURCES ARE CALCULATED, PROCEED TO CALCULATE FLUX
ADD IN BOUNDARY SOURCES
DO 200 Kei,][K
MimKelK
S(1,K)I=SB(K, 1)
S(MAX,M1)=SB (ML, )
lF((IG EQ,3).0R,(1G,EQ,~3))S(MAX,J1)eSB(J1, )
IF(IG)103.104 104



103
104

300
106
22

128
130

129
220

24

1]
26
131
132

133

206

27
144
30

29
180

91

2011
4149

204°
2012

2013

§B§N; gﬂi:{(s(x,J),J-x,Js),u.s,nAx)

EquTlHELEFT(EXz)

CALL SOURCE

Ex3sTIMELEFT(EX3)

IF ONE ITERATION CHECK FOR OUTPUT CONTROL
IF(1G)105,106,106

PRINT 5p5

PRINT 501, ((S(K,J),u=1,J9) kg, MaX)
PRINT 506,

Do 320 Leg,MAX

PRINT 507,XPTUL)usClL 1) atXL.K),K® )
IFCITOUT) 22,23,24 BRI
IF(NOT«1) 27,23,23

IF(MADJ) 129,129,128

IF(UNIT,3)128,130

BUFFER OUT(3,1)(X(1,1),X(MAX, 1))

6o To 27

IF(UNIT, 4y129,220
BUFFEROUT (4,1) (X(1,1),X(MAX,Jq))

GO ro 27

IF OUTER ITERATION PRORLEM, CHECK FOR CONVERGENCE
IF(NCE) 27,27,25

IF CONVERGED, CHECK FOR OUTPUT CONTROL
IF(NOT=1) 27,26,26

IF(MADJ)133,133,131

IFCUNIT,3)131,132

BUFFER OUT(3,1)(X(1,1),X(MAX,J1))

G0 10 27

IF(UNIT,4)133,206
BUFFEROUT(4,1)(X(1,1),X(MAX,J1))
CONTINUE

EX43TIMELEFT(EX4)

1FCITOUT)Y32,32,29

MOVE OLD FISSION SOURCE

DO 180 Jsi,M2

POWRR(J)=POWRL (J) .
CALCULATE NEW FISSIUN SOURCE aAND INTEGRATE
TEST FOR CONVERGENCE

EXSaTIMELEFT(EXS5)

CALL CONV

sxi-‘v!nsaea-sxx)-.oos
EX2a(TIMEBFG-EX2)w, 008
EX3e(TIMEBEG-EX3)w,0p
EX4m(yIMEBEG-EX4)»,00
EXSu(TIMEBFG-EX5)«, 001
EXgs(TIMEBEG-TIMELEFT(FXg))w,p01

PRINT 515,EX1,EX2,EX3,EX4,EXB,.EX6

IS PROBLEM CONVERGED OR OUT OF ITERATIONS OR FORCED
IFC(JSP,LT,1),0R, ((NOT.GE.%).AND, (MADJ,GT,0)y) GO To 2010
IF (NCE) 4149,4149, 245

KITaK]T*1

IF(KIT-KIT1)2049,2012,2012

NKqmy

GO TO 2019

KlTal

NK4a2

LGO=*XABSF(LGO)

S1=EIGEN1

IF(JSP=1)2010,2013,2014
IF(NF0S)2015.2015,2016



) 5 L IPTTT)
PECONC (NFOQS)
éklNTOSOOO,gIGENl.NSOS,CoNC(NSOS);NFOS.lLP
GO T0 201
2014 pRINT 3001,EIGEN1,KREG.DELR(KREG)
2018 AJ16=ABSF(EJGEN1-SEN)
3844 CONTINUE :
IF(AJ16°EPS3)2010,2019,2019
2019 1ré17.!10u7)2020,2oza.712
712 NCEsNCEey
GO TO 2010
2020 CONTINUE
2039 GO TO (2010,2021),NK4
2021 NCE=p
LPG=l
EIGM3=EIGEN2
DO 6268 1JK1=1,189
SLIStIJUKL)®0.0
6268 pPOWR2(!JK1)s0,0
LL(197)=0
RETURN
2010 JF(NCE-1)1,31,32
31 IF(NOT»1)32,1,1
32 DO 6269 [JK1=1,189
SLIS(IJKi)a0,0
6269 POWR2(1JK1)®0,0
LL(197) =4
202 JF(MADJ)203,203,201
203 IFCUNIT,4)203,204
204 BUFFEROUT(4,1)(SC(1,1),SC(MAX,NGR)
RETURN
201 [F(UNIT,3) 201,251
251 BUFFER OUT(3,1)(SC(1,1),8C(MAX,NGR))
RETURN
713 PRINTS16,111
516 FORMAT(29HQEOF OR PARITY ERROR ON TAPE A2
CALL OBQERROR(0,4HBUG)
500 FORMAT(34H1JUST SLOWING IN SOURCE FOR GROUP 12)
3000 FORMAT (/33H CONCENTRATION SEARCH PARAMETERS /2X,12H EIGENVALUE=
1E12,%,2X,6H CONC(13,2H)®E14,5,2X,6H CONC(I3+2H)=E14,5% )
3001 FORMAY (/33M DIMENSINON SEARCH PARAMETERS /72X,12H EIGENVALUE=
1E12,5,2X,6H DELR(13,2H)aF14.% )
501 FORMAT(6(4X,E13,5))
502 FORMAT(46H1SLOWING IN SOURCE « F1SSION SOURCE FOR GROUP 12)
303 FORMAT(4BHLSLOWING IN « PISSION « FIXED SOURGES FOR GROUP 12%
504 FORMAT (34H1 ANGULAR SOURCE VECcToR FOR GROUp 12)
505 FORMAT (//46H SOURCE VECTYOR MULTIPLIED BY FACTORED MATRIX )
506 FORMAT (///47H CHECKOUT SCALAR AND DIRECTIONAL FLUXES GROUP®13)
507 FORMAT (5X,8(1X,E13,5))
515 FORMAT(7H TIMELwF9,3,7H TIME2=F9,3,7H TIME3I®F9,3,7H TIME4=F9,3,
171 TIME5sF9,3,7H TIME6zF9,3)
END LINK 3
SUBROUTINE SOURCE
COMMON/AL/LL(250),E(17438),CC(6),NN(21),NR,LC,NA,NOF,LF,NAF,1,J,
1KIL‘M0J1'J21J3:J‘3J55M1:M2;MJ.H‘,N5."6;M7;SOHE.SUH.lJ.91;52‘~°L.
ZLGO.NcE,AN.lT.xPT(150).xnln.luuxn,lLDlM.Np[.pleni.E[GEN.EIGENI-EIG
SEN2,NEXT,K3,MM5, 111,MM4,K1,K2,NCTR,POWR2(189),POWRS (189),5C (250,26
4),XK(3),VX(3),TIMEBEG,NUTCON, SEARCON,EIG43, SCFLUX(1%0,24), 1JK1,
SEM1sMATNO(20) 2 1SET,PROBT(12), 1SAVE/ELOWER(27)
DIMENSION 11(40),MIR(40),DELR(40),POWRY(189),EMU(22),ALPHA(2:268),
IDELTA(22,26),5VM(189,26),5167(26,25),5165(26,2%),51GS1(26,257,VUS]

oo N
oo o
P
~o



6(26,2%),CH] (26,25),8TR(234,2 TR1(2%
LHnEbeé).CONC(db).nixtdax-Hirzzb ,.k%ﬁxif%%iYéT&&%?i%?&:bZ?f 5%&?
45:.25).957‘<2,26),LRA?E(za)
UIVALENCE CLL (1) s MAX ), (LLE2), gMAX? s CLLESYLNGR) » (LLCA)aND - CLL(S),
1NDS);(LL(6).NPS).(LL(7).NOT)4(LLQB).IYOUT).(LL(9)5LC°)ulLL(1‘)n"lK
g;.;%L::1:it:G).(LL(%z).!nP).(LL(;S).NUTE!T).(LL(xca.JsP).(LLtts).N
o (LL MMIX) S CLLCL7) o KREG) S (LL(1B)»NSOS), (LL(19)aNFOS) 0 (LLL
420y ,K1T1)y, (LL¢21), 180 ),(LL(??),Mlbb),(LL(glﬁ.HF%%.%LL(g‘?TT“i&%LL
5(25).1EX0P),(LL(ze).1l).gLL(55>,NI“).(LL(106).M11).¢LL(145).'TIX).
6(LL(166):NTH!X).(LL(iﬂe).NHGP\.(LL(187)0NHREG).(LL(iﬂa).LNRBG):
7(LL(198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226), LRATE)
EQUIVALENCE(LL(220)sNFREG), (E¢y),EPS1), (E(2),EPS2), (E(3),EPST), (E(
14)0FAC) o (ECS) s THETA) » (EC8) ., SEN) S (E(T),SGES) s (E(BI,RR) - (RS2 XIND o (
25110).DELR),(E(5Ua,slﬂr);(5(700);5165),(!(1350).81051),(E(?ULO).VU
3s G).(E(zosn).cul).(E(;sou).svn),(5(9150),57n1).tEt977!),leV).(E(
410425),ALPHA) » (E(10477),BETA) . (E(10529) s GAMMA) . (E(11049)sDELFA) s (E
5(11621),ENU).(5(11643),CONC).tE(11683),PDun1),(5(11377),8ucxl,(5(
6412522),SVM)
COMMONZ/2/x| (6000)
COMMON/A2/SB(22,26),AL7(22),U(22),V(22),5(150,22),SL15(189),)(150,
122) ,EMAX,EMIN, MAXMAX , MAXMIN,UA2(3366)
DIMENSION XxBP(22,26)
EQUIVALENCE(UA2(1),XBP)
BANK(Q),/2/,/A2/,EXTRAP,CONV
BANK (1)L INK3)SOURCE,/AL/
SUBROUTINE SOURCE
IF((IG.EQ,4).0R, (1G.EQ,~1))IKuJ2
IF((1G.EQ,3).0R, (IG.FQ,~3))IKeJ3
M4rMM4
M5aMM5
K3eaK3
MMSEMMS «K 3
MM4aMMAWK3
NCRsl
Mul
1 IF(UNIT, 111)4,2,713
2 IF(NCRe1+K2)701,691,695
695 MMATNN(5)eMM5"1 .
697 [F(UNIT,111)697,104,713
104 RUFFER INCTIT, 1) (XL (MMg), XL (MM4Y)
NELNLLSY
1F(16)100,101,101
.00 PRINT 501,!,NCR, Mg, M5,MMq,MM8
M3IEMM5 =K 3
PRINT 503, (XL(J)sJuM3,M4)
101 NCTRe}
GO T0 711
691 MMA4sNN(4)eMM5»1
704 IFCUNIT,I11)701,702,713
702 BUFFER INCITI A1) (XL (MMB),XL(MM4))
NLINLTSS
1F(1G)102,103,103
102 PRINT 502,1,NCR,M4,M5,MM4,MM5
PRINT 503, (XL(J), JuM5,Méy
103 NCRsNCRet
711 CONTINUVE
698 M3sM5
699 D0 g2 L=2,J1
703 ke el
704 DO 10 JJ=L,J1
S(M,JJ)sS(M, JJ)eXL(M3)eSIMN,K)
10 MIsM3ed



F(MeMAX)705, %
705 Lo(gue g yris

S(Me1, JJ)IS(M*i,JJ)‘XL(HS)#S(M,K)
706 M3aM3+1
IF(MFR,NE,1)G0 70 12
DO 22 JJ=1,J2
S(MAX ) JU*JR) =S IMAX, JU*J2)*XL (M3)#S(MaK)
22 M3aM3el
12 CONTINUE
IFt{M"MAX)714,13,13
714 DO 715 JJel, 1K
S(Me1,JJ)=S(Meq,JJ)exXL(M3)wS(M,J1)
715 MIaM3ey
IF (MFR,NE 1)60 T0 13
DO 23 JJeg,J2
SUMAX s guty2) =g (MAX, gy*g2) ¢ X ty3) esipMegl)
21 M3IaM3.1
13 MeMey
707 [F(M~"MAX)708,708,709
708 IF(M3.M4)699,710,710
709 GO TO 832
710 M4=MM4
M5aMM5
KImuK3
MMSBMM5+K3
MMA4sMMAeK3
GO 10 2
SUBROUTINE FLUX
832 NCRel
200 IF(UNIT,3) 200,201
201 IF(UNIT,4) 201,202
202 MsMAX
SUMsp ,
M5 EMM5
M4sMM4
K3zuK3
MM5aMM5 K3
MM4gNN(6)eMM5al
840 IF(UNIT,I11)840,789,819
789 1F(K2=NCR)790,790,791
790 IF(NGR,EQ,1) GO To 680
IF(1JKy ,NE,NGR/2) GU TO 48
REWIND 2
111a8
480 IF(1JK1«NGR) 792,28,28
28 REWIND 111
IF(NGR,NE, 1) GO To 29
JdJe=JJJ
Illsllledyd
GO TO 33
29 111=2
31 MM4sMM54NN(3) el
32 JECUNIY,111)32,38
33 BUFFER IN([Il:i’(XL(MHQ);XL("“‘))
GO TO 811
792 MM4sNN(3)eMM5al
795 IF(UNIT, ;xx)795,796 819
796 BUFFER INCITT1) (XL (MMB)SXL (HM4)
1IF(16)105,106,106 - Leunan)
105 PRINT s505,1, NCR 1Ma, M5, MMg, MMS
PRINT 503:(XL( ), MG,
106 B0 o5 811 Jc JCEM5, M4)



1)

811

798
8p8

799

23
805
806

16

809

14

15
815

816
825

34

55‘95&*1&%}i¥?1$Z§ZZ3§g);XL(HM4aa

JSRJSey

NCRENCR*1
1F(16)107,811,811

PRINT sos.E.N R, Mg Mg, MM g, MMy
PRINT 503, (Je) M5,
-t g XLEJCYs yCEMB, M4)
M3aM5

MisJieg

DO 15 L=1,J1
IF(M,GE,MAX)GO YO 807
IF(MFR,NE,1)G0 T0 8¢s
IF(M.GE .Hlx'l)GO T0 808
DO 23 JJ=1,J2

KnJ2eJJel
sUMtSUnoX(MAX.K)th(MS)
M3eM3et
IF(L=J2+1)806,809,809

DO 16 Jyu=1,1

KsJleJJeol
SUMaSUMeX(Mel,K)ex| (M3)
M3IsM3ey

6o To 807

IF(M,NE,MAX=1) GO TO 807
IF(MFR,NE,1) GO To 8,7
DO 24 JJ=1,J2

KeJ2eJJel
SUMBSUMeX (MAX, K) #X| (M3)

4 MIaM3ey

DO 14 Jy=Mi,J1
KeJie=JJeM1
SUMaSUMeX (M, K)eXL(MS)
M3mM3ed

MisMiel
X(M,ML)m(S(M,ML)~SUM)/XL(NS)
SUM=0,0

M3aM3el
1F(Me1)816,816,815
MEMel
IF(M3«M4)808,808,818
DO 828 M=1,MAX
SUM®0,0

soMgsd, 0

1K2wy

KGEXABSF(]G)
IF(KG,EQ,3) IK2s2

DO 827 JxiK2,Js
IF(KG.EQ+3) GO 1O 30
SUMsSUMeALZ(J)eX(M,J)
GO T0 827

SUMBSUMSALZ(J) o (X(MaJ)eXtM,u=1))
CONTINUE

IF(NPS,EQ,0) GO TO 833
DQ ‘31 leng
LELNFENES
EMsEMU(J)eEMU(Jel)
IF(KG,EQ.1) GO YO 34
EM3a=y(M3e1)
EMdz-y(M3el)

GO TO 35

EM3=U())

115



116

)
SgggzggnEoEM-(U(J)-X(H,MS)oV(J)aX(".H301)-E"StX(M.J)-E"4'X(M'J'1’)

35
831 CONTINUE

SCFLUX(M,])sSOMEw6,28318831
833 SC(M,!)sSUMw 6.,28318834
828 CONTINUE
830 RETURN
818 M4aMM4

M5 g MM5

K3aak3

MM5aMM5eK3

MM4aNN(6) MM my

G0 To 840
819 PRINT 500,111

CALL GBQERROR((,4HBUG,)
713 PRINT 500,111

CALL QBQERROR(0,4HBUG,)
501 FORMAT(29H UPPER READ IN SOURCE, GROUP 12,14,14,16,16,16)
502 FORMAT(29H LOWER READ IN SOURCE, GROUP 12,14,16,16s16,16)
503 FORMAT(6(4X,E13,5))
504 FORMAT(29HQEOF OR PARITY ERROR ON TAPE 12,8H IN FLUX)
505 FORMAT(27H LOWER READ IN FLUX, GROUP 12.,14,16,16,16,16)
506 FORMAT(27H UPPER READ IN FLUX, GROUP 12,14,16,16,16,16)
500 FORMAT(29HOEOF OR PARITY ERROR ON TAPE 12,10H IN SOURCE)

END

SUBROUTINE EXTRAP

COMMON/AL/LL(250),E(17435),CC(6),NN(21),NR,LC,NA,NOF,LF,NAF,1,J,
1K, LM, J1,J2,J3,04,09,M1,M2,M3,M4,M5,M¢,M7,SOME, SUM, 4J,81,S52,'Y0L,
2LGOSNCE,ANSIT+XPT(150),IDIMa1UDIMsJLDIMsNPI+EIGML,BIGEN,EIGENLVELG
3EN2,NEXT,K3,MM5,111,MM4,K1,k2,NCTR,POWR2(189),POWRI(189),5C(150,26
4),XK(3),VXt3), TIMEBEG,NUTCON, SEARCON,EIGM3, SCFLUX(150,26),1J1,
SEML,MATNO(20), ISET,PROBT(12),1SAVEIELOWER(27)

DIMENSION I1(40),MIR(40),DELR(40),POWRL(189),EMU(22),ALPHA(2}26),
ADELTA(22,26),SVM(189,26),S1G6T(26,25),5165(26,25),51681(24,25),VUS]
2G(26,25),CH] (26,25),5TR(234,2%),§TR1(25.,25)yINV(26,25),LHGP(26),
3LHREG(6&,CONC(40),Hlx(‘U),Mle(ZO),NTHXX(ZD),GAMNA¢10,2,261,!UCK(
426,25),8ETA(2,26),LRATE(28)

EQUIVALENCECLL (1) yMAX) . (LLC2) o gMaX ) o CLLC3) A NGR) » (LLCAY aND » CLL (5D
INDS), (LL(6),NPS), (LL(7),NOT), cLL(8),ITOUT),(LL(9),LE0), (LLCLE),MIK
20, (LL(11),LPG), (LL(12),1DP), (LL(YL3),MUTEST) s (LL(14),JSP), (LLEL5),N
IMIX) o CLLCLE) s MMIX) a CLLCL?) W KREG) S (LL(18) aNSOS), (LLCL®YaNFOS)PLLLI
420),KITL), (LL(21), 1BUK), (LL(22),MADJYY, (LL(23),MFR), cLLt24), B®), (LL
5(25) ) TEXOP), (LL(26) s 11y, (LLCOAY , MIR), (LLELO6) ,MIX), (LLE146)JMTIX),
6CLLCL66) »NTMIX), (LLC186) 4sNHGP)Y A ([ L(187),NHREG), (LL(188),LHREG),
7(LL(198),LHGP), (LL(224),LFREG), (LL(225), VRATE), (LL(228),LRATE)

EQUIVALENCE(LL(220),NFREA), (B(y),EPS1), (E(2),EPS2), (B(3),EPSY), (E(
14),FAC)  (E(S) s THETA), (E(6),SEN)» LE(T7),SGES) 4 (E(B),RR)»CELO) o XIN) L
2E(10),DELR), (E(50),81GT), (E(700y,S!GS), (E(1350),81G51), (B(2080),VUy
3S1G),(E(2650),CHI), (E(3300),STRY, (E(9150),STR1), (EC977%5),VINV), (E¢(
410425) ,ALPHA) » (E(10477),BETA), (E(10529),6AMMA), (E(11049),DELTA) . (E
5(11621),EMU), (E(11643),C0NC), (E(11683),POWR1), (E(11872),BUCK?, (E(
612522),SVM)

COMMON/2/x(6000)
COMMON/A2/SB(22,26),AL2(22),U(22),V(22),5(150,22),8L15(189),X(1%0,
122) ,EMAX,EMIN, MAXMAX, MAXMIN, UA2 (3366)

DIMENSION XBP(22,26)

EQUIVALENCE(UA2(1),XBP)

BANK(1),LINK3,SOURCE, /ALy
BANK(0)s/2/)/A2/1EXTRAP»CONY
DIMENSION XBP1(22,26),xBP2(22,26)

NCHMAX =4
GO 70 (30,19,10),NEXT


http://MM5.MM5.K3

%
(]
61

125
126

70

40

60
80

50
51

141
140
100

110

160
162

161
184

182

183
200
201

190
191
221
260
210

A

2 SIGO®(EIGEN=1,)/(E1GML=1,)

G0 T0 125
S1GO=(EMAX=EMIN)/(EIGMY1aEIGMN1
lF(S’GO) 200,200,131 g .
IF(s1G0*1,) 126,126,200
AL=2,/(2,451G0)

EM1#2,0/5160-1.9

lo.

neRol

NCHTeNCHMAX

NSIGTel

GO T0O 156
NCHaNCHe1

IF(NCH=NCHT )5p,50,60

IF(S1GoT) 70,70,80

S1GosSIGOY

0 70 131

IF(NCH=3)51,100,110
GO T0(140,141),M
CEIGu(EMAX4EMIN)w 5aq,

60 10 210

CEIGREMAXeEMIN

GO TO 210
CH=EM1

CHis1

G0 TO0 219

oLDCe=CH1

CH1sCH

CH®2,0%EM1*CHeOLDC
G0 TO(161,162),M
ERu((EMAX#EMIN)w,5a1,)/CEIG

GO TO 184
ER®(EMAX~EMIN)/CE1G
BEOsFR«CH

IF(BEO=1.,) 183,182,182 .
CSHIBO®LOGF (BEO*SQRT(BEQ**2=1.0))
ENCHeNCHel

XEM1sCSHIBO/ENCH
BEEO®((EXP(XEM1))eg./(EXP(XEMY)))#,5
SIGOT=*SIGO*(BEED*1.)/2.
IF(ER«1,0)190,200,200

NPIslTe2
NCH=0

NSIGTs=1
GO TO 10
GO TO (191,210),NS1GT
IF(SIGOT)210,210,221
NCHT=NCHe4
NSI1GT=2
ELaNCH
GuaLOGF(EM1+SORT(EM19e2.1,))
XEML{=E|»G
ENCHE((EXP(XEM1)) o1/ (EXPIXEM1)))*45
XEM1s(EL~1,0)eG

XEM2= ((EXP(XEM1))eq . /(EXP(XEM1)))*,5
AM®(4,/51G0)*XEM2/ENCH
XEMim(EL=2,0)#G
XEM2® ( (EXP(XEM{))eq 0/ (EXP(XEMy)))*,5
BE®XEM2/ENCH
GO TO 157

117



118

10
19
20
ol
156
158

157

159
300

CCONV

S&GO'0.0
GO TO 300

1FC1Te1)10,10,20

DO 21 K=1.,M2

POWRL (K)sPOWR1 (K)«THETAw (POWRY (K)=POWR2(K))

60 TO 300

DO 158 K=1,M2

POWRI (K)=POWR2(K)

POWRL(K)BpOWR2(K)#AL*(POWRL(K)=pOWR2(K))

G0 TO 300

DO 159 K=i,M2

HOLD=POWR3 (K)

POWR3(K) =pOWR2(K)

P0NR1(K)=PONR2(K)oAHa(PowRi(K)-PONRZ(K))OBE'(PONR2(K)-“OLD)

EIGMXq sEMAX

EIGMNI=EMIN

RETURN

END

SUBROUTINE CONV

COMMON/A1/LL(250),E(17435),cc(6);NN(21).NR.LC,NA.NOF.LP,NAF.l.J.
1K,L,",J1,J2,JS,JQ,JB,Ni,MZ,M3.M‘,Ns,nb,n7,SONE,SUM,AJ,91,52.\'°L,
ZLGo,NcE.AN.[T.xpT(ibn).IDIH.IUDIM.lLDlH.NP].stcni.slaEN.ﬁleekl»EIG
3EN2,NExT.K3,MM5,lll.MM4.K1,K2.NCTR.PONR2(189).Powns(1n9),sct150,26
4).xx(3).VX(J),TIMEBEG,OUTCON.SEARCON.ElG*s.ScFLUx(150.2a).IJK1.
SEML,MATNO (20), ISET,PRORT (12), 1SAVE1ELOWER(27)

DIMENSION I1(40),MIR(40),DELR(40),POWRL(189),EMU(22),ALPHA(2326),
4DELTA(22,26),SVM(189,26),SI1GT(26,25),S165(26,25),516S1(26,25),VUSI
26(26,25),CHI(26,25))5TR(234,25),5TRL(25,25)2vINV(26,25),LHGP (260,
3LHREG(6),CONC(40),MIX(40),MTIx(20) s NTMIX(20),GAMMAC10,2,26),EUCK(
426,25),BETA(2,26),LRATE(25)

EQUIVALENCE (LL (1) ,MAX), (LL(2) . JMAX) s CLL(3),NGRY, (LLC4)aN) s (LL(S5),
ANDS) o (LLC(6),NPS), (LL(7),NOT), (LL(B),1TOUT), (LL(9),LEOYs(LLILV)IMIK
23, (LL(11),LPG), (LL(12),1DP), (LL(13),MUTEST) s (LL(14),JSP), (LL(15),N
SMIX):(LL(16):MMXX)n(LLll’).KREG)n(LL(18):NSOS).(LL!19).NVOS):(LL(
420),KI1T1), (LL(21), 1BUK), (LL(22),MADJY, (LL(23),MFR), (LL(24), 1), (LL
5(25), IEXOP), (LL(26)» 11y, (LL(66), MIR), (LLC106),MIX), (LLL146),/*TIX),
6C(LL(166) /NTMIX) s (LLC186) aNHGP Y (L (187) s NHREG) » (LL(188) .LHREG )
7(LL(198),LHGP), (LL(224),LFREG), (LL(225),NRATE), (LL(226),LRAT )

EQUIVALENCE(LL(220)»NFREG), (E(1),EPSL1), (E(2),EPS2), (E(3),EPSY), (E(
14),FAC) s (E(5) s THETA)» (E(8),SEN) + (EC(T)4SGES) s (E(B),RR)» (E L) o XIND o
2E(10),DELR), (E(50),SIGT), (E(700),516S), (E(1350),518s1), (E(2000),VU
3S1G), (E(2650),CHI), (E(3300),STR)Y, (E(9150),STRL), (E(9775),VINY), (E(
410425) ,ALPHA) , (E(10477),BETA), (E(10529) ,GAMMA), (E(11049),DELTA) s (E
5(11621),EMU), (E(11643),CONC), (E(11683),PONRY), (E(11872),BUCKi, (E¢
612522),SVM)

COMMON/2/x (6000)

COMMON/A2/5B(22,26),AL7(22),U(22),V(22),5(150,22),5L15(189),%(150,
122) ,EMAX,EMIN, MAXMAX, MAXMIN,UA2 (3366)

DIMENSION XBP(22,26)

EQUIVALENCE(UA2(1),XBP)

BANK(1),LINK3,SOURCE, /AL,

BANK(0),/2/,/A2/EXTRAP,CONV

THIS SUBROUTINE TESTS FOR CONVERGENCE
CALCULATE FISSION DENSITY AT EACH POINT
M7el

1GexABSF (1G)

SOME=0,0

DO 18 K=1,JMAX

MésMIR(K)

LslI(K)

DO 19 JeM7,L



19
18

100

102
105
103

104

110
13

14
15

16
118
120

NS
nNo

oa
=1

44
45
46
50

MSsKe S

l;(J-gofM7) Go vo 10
EMgUA2(39944)

EM3aUA2(5494J)

GO r0 5

EMsEM330,0

SUMap,0

DO 20 [=1,NGR

IF(MADJ,GT,0) GO TO 6
SUMaSUM&SC(J, 1)eVUSIG(T,M6)

G0 Y0 20
SUMBSUM*SC(Us ) *CHI(T4M6)
CONTINUE

POWR1(MS)eSUM

SOMEESOME«POWRY (M52 ) #EM +SUM«EMY
CONTINUE

M7x11(K)

CONTINUE

EIGEN1=SOME

1F(S2) 100,102,100

S2®0.,0 IMPLIES THERE ARE FIXENn SOURCES SO DONT NORMAL12E
EIGEN1=EIGEN1/FAC

M2sMAX e JMAXw1

DO 101 Kei, M2
POWR1(K)®POWR1(K)/EIGENL

Mzl

GO T0 105

Mu2

IF(NOT+=3)104,103,104

PRINT s01,1T

PRINT 502, (POWR1(K)sk31,M2)
EMAX®=1,0

EIGMLi=EGEN

EIGENSEIGEN1/EIGEN?2

EMIN®1,

DO 316 1=1,M2

IF(POWRL(I)) 110.,16+110
SUMePOWR1(1)/POWR2(1) ,
IF(EMAX=SUM) 13,14,14

EMAXaSUM

MAXMAX® ]

IF(SUMeEMIN) 15,16,16

EMIN®SUM

MAXMIN=]

CONTINUE

IF(LCo) 115,118,120

SOMEs ABSF éEHA;.EMIN)/EMAX)

IF (SOMEE 1) 0150.‘0

SOME®ABSF ((EIGEN1~EIGEN2)/EIGENT)
IF(SOMEEPS1) 50,40, 40
EIGEN2=EIGENy

PRINT 500, IT-EIGENLsEMAX MAXMAX EMINIMAXMINS ’
1F(S2) 41,43, 41 B IN?SOME,EPSY
IFt1Te3) 44,300,300

CALL EXYRAP

GO TO 44

GEN 1=
%*(?T-if%b?) 45,51,51
CONTINUE
RETURN
IF(IT=1) 40,40,51
MUST GO AT LEAST TWO ITERATIONS



120

201 PRIRYZEECTY e 1geny , EMAX, MAXMAX, EMIN, MAXHIN, SOME, EPSY
55 NCE=NCE *1

GO YO 46
500 FORMAT(56HOITER, EIGENVALUE EMAX POINT EMIN POINT
1,4X,22HCAL ,=EPS, 1NP--E"S-./2X-12,3)‘.512~5-1X.512-5.N.SH

2E12,5,14,3%X,E12,5,1%,E12.5)
504 FORMAT(30H1 FISSION DENSITY-ITERATION 12)
502 FORMAT(B(1X,E12,5))
END

CoonovatontwoawstwswwavaOVERLAY dunawwnt " aradataaMansvdadatadavadendtondabane
PR

aao o

OGRAM LINK 4
7 . N ), NR NO JNAF
ROL RN A bt (250 BE LRI RS (62 MR LBG  my sbReN ANk oLh; BAGs Loty
2LGO.NCE,AN» IToXPT(150), IDIM»1UDIMs ILDIMNPIsFIGML,EIGEN,EIGENLIEIG
3EN2,NEXT,K3,MM5,111,MM4,K1,K2,NCTR,POWR2(189),POWRI(189),5C(*50,26
4),XK(3),VX(3), TIMEBEG,O0UTCON,SEARCON,EIGH3,ScFLUX(150,26),1JK1,
SEM1,MATNO(20), ISET.PRORT(12),1SAVE+ELOWER(27)

DIMENSION 11(40),MIR(4n),DELR¢4n),POWR1(189),EMU(22),ALPHA(2,26),
ADELTA(22,26),5VM(189,26),S167(26,25),5S1G65¢(26,25),51GS1(26,25',VUS]
2G(26,25),CH]I(26,25),STR(234,25),8TRL(25,25)»VINV(26,25),LKHGP(26),
3LHREG(6),CONC(40),MIX(40),MTIx(20),NTMIX(20),GAMMA(10,2,26),BUCK(
426,25),BETA(2,26),LRATE(25)

EQUIVALENCE (LL (1) sMAX)» (LL(2) . UMAX? s (LLC3)LNGR) » (LLC4YaN)» (LL(S) s
INDS), (LL(6),NPS), (LL(7),NOT), (LL(B),ITOUT), (LL(9),LCO),(LLC10),MIK
29, (LL(11),LPG) s (LL(12),IDP), (LL(13),MUTEST) s (LL(14),JSP),(LLE15),N
SMIX) s CLLC16) s MMIX), (LL(L7) s KREG) » (LLC18)2NSOS), (LLC19)sNFOS) 2 CLLY
420),KI1T4), (LL(21), 18UK), (LL(22),MADJ), CLL(23),MFRY, (LL(24), 1¢), (LL
5(25), IEXOP), (LL(26), 11y, (LL(66),MIR), (LL(106),MIX), (LLC146),*TIX),
GCLLCL166) sNTMIX) ) (LLC1868),NHGP)Y, (L (1B7) s NHREG), (LL(188),LHREG))
7(LL(198),LHGP), (LL(224),LFREG), (LL(225),VRATF), (LL(226),LRATE)

EQUIVALENCE(LL(220)sNFREG), (E(1),EPS1),(E(2),EPS2),(E(3),EPSY),(E(
14),FAC) (E(S) s THETA), (E(6),SEN), (EC7),SGES) 4 (E(B),RRY» (EL9)aXINDa L
2E(10),DELR), (E(50),S107), (E(700),S1GS), (E(1350),81651), (E(2000),VU
3S16G), (E(2650),CHIY, (E(3390).STRY, (E(9150),STR1), (E(977%),VINY), (E(
410425),ALPHA)» (E(10477),BETA) . (E(10529),GAMMA), (E(11049),DELTA) S (E
5(11621),EMU), (E(11643),CONC), (E(11683),PO0WRL), (E(11872),BuCK), (E(
612522),5VM)

EQUIVALENCE(UAJUA2)

DIMENSIONUA2(400),S16CAP(26,25),5I1GCAV(650),SIGFIS(26,25),SIEFIV
1(650),ESCAP(26,41),EEAK(40,26)

COMMON/2/ESCAP1(1066),EEAK1(1040),B8SC(40,26),B5V(40,26),SHAP(5),
1DON(5),SI1GTH(26,6),51GSH(26,6),51GS1H(26,6),STRH(234,6),STR1F (26,6
2),VUSIGH(26,6)

COMMON/A2/SB(22,26)2AL7(22),y(22),V(22)4%{150,22),CHIK(26,10),
1xFLUX(150,22),5CPROD1(150),SCPROD2(150),SCPROD3(150),R1(22),E2(22)
2,SCJF(40,26),5CJA(40,26),UA(400),SCPR1(40) »SCPRJ(4n),VUSIGHL (26,
36),CHIH1(26),VOLHL1(40),yA3(13),ypLH(10)

EQUIVALENCE(ESCAP1,ESCAP,SIGF1S,SIGFIV), (EEAKL,EEAK,S1GCAP,SIGCAV)

DIMENSION CCA(26),CCF(26).CCS(26),CCS1(26)

BANK(0),/2/,/h2/

BANK(1),LINK4, ,AL,

THIS CHAIN PRINTS' THE FINAL ETGENVALUE,FLUXES,POWER, AVERAGE FLUXES

AND REGION VOLUMES

PRINT LABEL

102 [F(yN1T,4)102,103
103 REH¥ND4
REWIND 1
40 JF(uNIT,3)40,41
41 REWIND 3
PRINT 500
WERE OUTER ITERATIONS REQUIRED



c

1000

1001
1002

1003
1004

2000

2004
2069

201

202
203

2070
2074
2072

oo

2080

(1TO0UT) 4,4
PFRROVER 4 Elosnvarus on Fission pEwsIty
litsz) 2:2,3
IF SOURCES ARE PRESENT =LA F Y
PRINY 801 17 E100es LABEL FINAL FISSION DENSIT
GO 10 5
IF NO SOURCES: LABEL F M A A
e 502.lr,Ex%E~1L INAL MUI TIPLICATION FARTOR
lF(OUTCON)lqu,sls
JEi1678
Kel
JLeMAXe JMAX ey
n#'x‘d
1F(JLeKL)1004,1002,1102
NA 'KL-K01
JRJ*S
PUNCH 3000,NAB,J, (POWR1(1), Iuk,kL)
IF(JLeKL)5,5,1003
KYKL*1
GO YO0 1001
KLsJL
GO T0 1002
IF NO OUTER ITERATIONS, LABEL ONE ITERATION PROBLEM
PRINT 503
PRINT RADII, FLUXES AND POWER
NBBa1
NAB=NGR
NCBaNGRe6
IF(NCB)2000,2000,2001
NABaNGR
GO TO 2069
NABu b
NBBysNBBey
NBB2=NBB+2
NBB3IaNBB«+3
NBB4=NBB 4
NBBS*NBB*5
IF(MADJ)201,201,202
PRINT 804,\88, N8By, NBB2, NBBS, NBB4, NBBS
GO 70 203
PRINT 519,NBB,NBB1,NBB2,NBB3, NBB4, NBBS
N7g1
DO 7 J®1. MAX
Lell(Jd)
DO 6 MaM7,L
KadeMey
PRINT POINT BY POINT AND REGION BOUNDARY TWICE
PRINT 505,M,XPT(M),MIR(J),PONRL(K) s (SC(M,M6),M6aNBB,NAB)
PRINT 506
DESIGNATE REGION BOUNDARY
M7=1l(J)
NBBaNABey
IF (NCB)2080,2080,2070
NCBaNCB«6
IF(NCB) 2071,2071,2072
NABaNAB+NCB 6
GO TO 2069
NABaNABe &
GO TO 2069
INTEGRATE FLUX OVER EACH GROUP AND REGION AND CALCULATE NEUTFON
BALANCE
IF(NOT.LT,1)GO TO S0



L22

oo

oo

10
12

113
114

105
108

11

801

27

ROPw=1,NGR

QQ(ﬁioS 104,104,112

I1TAP®3

IFORMz518

1sNGRe]GROPe1

60 vo 113

1TAP=4

!roan-!oﬁ

l'IG oP

éuNIT ITAP)113,114
FER INCITAP, 1) (XC10q) X (MAX,Jg))

IF(NOT Eo 1) GO To 103

PRINT 50

1IF(IFORM, 60.505) PRINT sqgg

IFCIFORM:EQ:518) PRINT 518

1F(UNIT,ITAP)105,108,200

M7l1

M9E]

DO 21 Jsi, JMAX

LisIl(J) =g

IFCJEQ JMAX)Lilll(J)

DO 12 (&M7,L1

IF((NOT,EQ,1) AND, (C(L.NE ,M7).AND,(L,NE,MAX))) GO TO 32
symM=0,0

SOME=0,0

DO 11 M=2,J2

M3 ieMel

EM3aU(M)

EMgaV (M)

IF(IG,EQ+3)EM3I3eV(MIel)

IF(1G,EQ,3)EMd=eU(M3+1)

SUMESUMe (EMUCM) «EMUCM=1) ) # (UCM) #X(LaM3)@VIMIwX(L,M341))w6.2821853
SOME=SOMEw (EMU(M3+1) =EMUIM3) ) # (EM3*X(LsM)¢EMawX (L, M=1))v6.28218531
IF(L,EQ,M7)ESCAP(1,J)aSUM«SOME

1F(L.EQ, Il(JMAx>)ESCAP(I Je1)eSUM+SOME
IFCCIG.EQ.3) +AND+ (L +EQ.M7))ESCAP (1 +JIBESCAP (T, ) eXpy (L deXpT(L)*
X12, 5663706

IF(1G, EQ,3),AND, (L EQ. IT1(JMAX)))IESCAP(1,J+1)8ESCAP(],Jed)eXFT(L)w
XXpT(L)-12.5663706

JF(NOT,GE,11) GO TO 12

IF(NOT,EQ,1) GO TD 12

PRINT 509,LsXPT(L),SCCL+M9)sSUM-SOMES (X(LuK),K=1,4)
1F(J1.4)12,12,13

PRINT 510, (X(L,K),K=5,J1)

CONTINUE

M7= 1«1

CONTINUE

CALCULATE REGION LEAKAGE

REWIND 4

REWIND 3

THE NET CURRENTS AT THE BOUNDARY ARE CALCULATED

NOW CALCULATE THE REGION LEAKAGE

po 27 1=1,NGR

po 27 J:1,JMAX

EEAK(J, 1 )EESCAP(],J*1)=ESCAP(T,J)

NOW OBTAIN THE INTEGRATED FLUX IN EACH REGION AND GROUP
ALSO THE INTEGRATED FIXED SOURCE

DO 32 Mel,NGR

SUM=0,0

SOME=0.0

M7=l

DO 31 Isy,JMAX



30
301

31
32

104

100

369

370
374

499
33

34
35

By

Lall(lyey

DO 30 y=M7._

Tidte

1EQ 3)EMI=DELRCI) e (XPT(Je XPY(Je
1};:{8’;39 ‘g;z'1é0471976 f 1IeXPT(Ueg )02, 0 XPT(Jog)aXPT(U)E3,*
d ) sDELRC(I)e(3,exPT 1)eXPT

1xPT(J).xPY(J))'1,0‘71976 (Jol)eXPT(Je1) a2, oXPT(JalyexPT(J)e
SUMTSUM*SYMIKIMI *EMIeGUMIKe L, ) spMé
sOHE-sons.SC(J.H).EHSE;C(soi,:).E:l

BSC(!,M)=SOME

BSV(1.MI=gUp

SOME=0,0

SUMsop,0

M7E11(1)

CONTINUE

NOW OBTAIN REACTION RATES AND PRINT NEUTRON BALANCE

DO 101 | =1,5

SHAP(L)=0,0

00137 1 ®1,NGR

Je

IF(MADJ,GT,0)JaNGR=Is]

DO 100 L=1,5

DON(L)=0,0

PRINT 511,1

IF (S2) 369,369,370

PRINT 516

GO 1O 371

PRINT 512

DO 36 Kai, JMAX

M6sMIR(K)

CELY

M69sNGRe !

M7sXMINQF (NDS,M69)
SOME®SIGT(1,M6)=SIGS(I,M6)
IF(M7)35,35,499

DO 34 Msi,M7 .
IF(M"NDS) 33,3335
SOMEsSOME«STR(M3, M6)
M3sM3Ie26=M

CONTINUE
SOME=SOME«BSC(K,I)
SUMsVUSIGC!I,Me)#BSC(K, 1) /EIGENY
PRINT 513, KsBSC(K,1)1BSVIKsI)2»SOME,SUMIEEAK (K JS)
OBTAIN VALUES FOR WHOLE REACTOR
DON(1)sDON(1)«BSC(K, 1)
DON(2)sDON(2)+BSV(K, 1)
DON(3)=DON(3)*SOME
DON(4)=DON(4)eSUM
DON(5)sDON(S5)«EEAK (K, I)
CONTINUE

PRINT 514, (pON(M),MT1.5)
DO 38 Lasi,5
SHAP(L)=SHAP(L)«DON(L)
CONTINUE

PRINT 515

PRINT 514, (SHAP(M),M2l,5)
REWIND 4

REWIND 3

REWIND 3
IF(IBUK)4034,4000,4034
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4034 «5)4001,4035,4035
403 IRINRBo3400004001 54001
4001 DO 4022 K=1,25
DO 4002 Jsl, JMAYX
IF(MIR(J),EQ.K) GO TO 4021
4002 coNnTINUE
G0TO04022
4021 DQ4003]=l,NGR
?9(516*(?:”))4033.4uns.4a33
4033 lf(lguk-2)4006'401054011
4008 SIGT(1,K)a0,5+(SIGT(I,K)aSORTF(SIGT(I,K)eSIAT(I,K)ad,0wBUCK(T,1)/3
1,0
G0 To 4003
4010 SIGT(1,K)s0,5+(SIGT(I,K)eSORTF(SIGT(1,K)eSIAT(I,K)ed, 00RUCK(K,1)/3
1.0))
60 TO 4003
4011 IF(]BUKe4)4014,4015,4003
4014 SIGT(1,K)=0,5¢(SIGT(I,K)«SORTF(SIGTCI,K)#SIGT(I,K)md,0%BUCK(Y,1)/3
1%02)
GO TO 4003
4015 slGT(l.K)-D,S-(SlGT(l.K)aSQRTf(SXGT(I.K)'SIGT(l.K)-l.OOBUCK(l.K)/3
1,0))
4003 CONTINUE
4022 CONTINUE

4000 AC69mTIMELEFT(AC69)w, 001

5669 FORMAT (20H THIS CASE CONSUMED F9.3,24HSECONDS OF COMPUTER TIME)
LGO=1
LL(197)s0

IF(NOT.EQ,6,0R.NOT,EQ,7.0R,NOT.EQ.%) GO TO 137
IF(NOT.NE,5+AND,NOT+NE.B,AND.NOT.NE.10)136,135
135 1F(MADJ)136,137,137
137 LL(197) =4
136 AC68=TIMELEFT(AC68)*.001
AC68=TIMEBEG«,001.,AC48
PRINT 5669,ACe8
IF(NRATE)401,401,402
401 RETURN
402 PRINT 521 ,NRATE
524 FORMAT(25H1 REACTION RATE SUMMARY - 13,19H NUCLIDES REQUESTBL)
BUFFER IN (1,1)(SIGFIV(1)sS16FIvV(650))
BUFFER IN (1,1)(SIGCAV(1),SIGCAV(650))
DO 403 Is1,MAX
SUM=0,0
DO 404 J=1,NGR
404 SUMaSUMeSC(I,J)
403 SCPROD1(])=SUM
405 JF(UNIT,1) 405,406,407
407 PRINT 522
5221F0RMAT('GEOF OR PARITY ERROR ON TAPE 10, READING Fls of CAP )SECTS
*)
CALL QBQERROR(1,4HBUG,)
406 DO 408 [=1,NRATE
PRINT 523,LRATE(I)
DO 409 J=q,MAX
SUM=0,0
SOME=0,0
523 FORMAT(39H{ REACTION RATE SUMMARY FOR NUCLIDE NO, A#6)
DO 410 K=1/NGR
SOME=sSOME+SIGCAP (K, 1)#SC(J,K)
410 SUMaSUMeSIGFIS(K,1)#SC¢J,K)
SCPROD2(J)25UM
409 SCPROD3(J)=aSOME



¢
3HO FISSION RATE TRAVERSE/1HO,1X,4(5x, 8HRADIUS, 6X, 4HRATE, 4

420 M7a3
412 DO 411 Jag, JMAYX
PRINT 525,
525 FORMAT(7H REGION,3)
M4=llcd)
PRINT 526, (XPT(K),SCPROD2(K) »xaM?,M4)
5326 roanArt2x,4(5x,ro,3,2x?512T9): das
411 M7aMqey
GO 10(413,414)u5
413 PRINT 527
527 FORMAT(23K0 CAPTURE RATE TRAVERSE)
GO TO 435
414 pPRINT 529
529 FORMAT(#0 ONE«GROUP CAPTURE CROSS SECTIONe)
415 PRINT 528
528 FORMAY(lenlx;l(Sl.OHRADlUS.QX.AHRAYE.ll))
M7s1
DO 416 Jmy,J MAX
PRINT 525,J
Méall(J)
PRINT 526, (XPT(K),SCPROD3(K),KuMY,Mé)
416 M73M4ey
GO TO(417,408)N5
417 M5=3
PRINT 530
530 FORMAT(«1 ONE=GROUP FISSION CROSS >cCTI0Ns)
DO 418, Ksg,MAX
SCPROD2(K)®SCPROD2(K)/SCPRODY (K)
418 SCPROD3(K)sSCPROD3I(K)/SCPRODY (K)
60 T0 43¢
408 CONTINUE
RETURN
200 PRINT 517
CALL QBOERROR61,4HBU° ) . *
517 FORMAT(egEOF OR'PARITY ERROR ON TAPE , READING IN ANGULAR FEUX

158')
3000 FORMAT(12,4x,16,5E12,5)

500 FORMAT(23Hy  #«*«OUTRUT DATAuwse)

!011roggsr;18ua FINAL ITERATION®13.9x:26HFINAL INTEGRATED FISSIONS®

) ‘

502 rORMAf(ieHo FINAL ITERATIONal3,9X,28HFINAL MULTIPLICATION FACTORs
1B 13.6)

503 FORMAT(40KO ONE ITERAT{ON PROBLEM «NO EIGENVALUE)

504 FORMAT(10K1 PDlNT,Bx,aHnAnrus,sx,auHATERIAL.sx,7urrss!oufex,sua
1ROUP12,5X,5HGROUP12+5X,5KGROUP]2,5X s 5HBROUP1I2,5X,5HGROUP 12,5 ,5HAR
20UP12/4X, 6MNUMBER, 25x, 7HDENSITY, 7X, 4HFLUX, 4(8X, 4HFLUX))

505 FORMAT(6X,13,4X, E11.4,3X,12,5x,EL1,4, 6(1X,E11.4))

506 FORMAT(3IX,115(iHw))

307 FORMAT(30H1 AUXILIARY OUTPUT FOR GROUP 12)

508 FORMAT(//34X,42HHEMISPHERE=  HEMISPHERE=  ANGULAR FLUXES/
12X,10HPT+ RADIUS,8Xs59HSEALAR FLUX  CURRENT=LEFT CURRENT=RIGHT F
2ROM Mysi, T0 ei,)

509 FORMAT(2X, I3, 8(y4X, Eq3.6))

310 FORMAT (62X, E13,6,1X,E13.6,1X,E13,6,1X,E13.6)

511 FORMAT(1H1,23X,39HNEUTRON BALANCE CHARACTERISTICS GROUP 12)

512 FORMAT(1H0,14X,40HINTEGRATED, gX, 1 HINTEGRATED, 9X,5HTOTAL,12X)
A5HTOTAL 13X, SHNET/18x s 4HFLUX . 10X, 12HF IXED SOURCE,SX,11HABSORFTIONS
2,6X,10HFISSIONS/K,9X, 7HLEAKAGE )

W\
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513 FORMAT (7HOREGION,18,5(4x, E13,6))

514 FORMAT(1Hp,8HTOTALw®w,1X,5(4X, E13.6))

815 FORMAT(////24X%,»23HREACTOR NEUTRON BALANCE)

516 FORMAT(1H0,14X,10HINTEGRATED, 8,1 NINTEGRATED, 9X,5HTOTAL, 12X,
18HTOTAL,13X,3HNET /48X, 4HFLUX,10%,12HF IXED SOURCE,5X,11HABSOR TIONS
2,6X,10HFISSIONS ,9X, 7HLEAKAGE)

518 FORMAT(//35X,44HHEMISPHERE~  HEMISPHERE=  ANGULAR ADJNINTS/
12X,10HPT, RADIUS,Bx,80HSCALAR ADJOINT CURRENT<RIGHT CURRENT=LEFT
2FROM MUS=1. TO 1.)

519 FORMAT(10H1 POINT.5X.6HRADIU5;SX.SH"A'ER“L.3X.7H'!!SION.'X15”G
1ROUP12,5X,5HGROUP12,8X,8HGROUP12,5%,5HBROUP I, 5X, 5HGROUP T2, 5%, 5HGR
20UPIZ/4X.eHNUMBER.25x;7HDENs[7V.5Xc7HADJOINT.5(5!.7HADJOINT)'

END LINK 4

CoonovannannvawnnesnrnvaOVERLAY P I T A A aR R 22 P ETa T R PR A R AR A A R A0 Al A bl 4]

PROGRAM LINK 5

coMMoN/A1/LL(250).5(17435).CC(6).NN(21).vn.Lc.NA.Nor.LP.NAr-laJ.
1K,L,M,Jx,Jz,JS,Jd,J!,M1,M2,M3,Ma;n5,ne,n7,50ME,SUM.AJ.Si.SZ;\OL.
2LGO,NCE, AN, IT,XPT(15 ), 1DIM, 1UDIM, ILDIM,NPI,EIGMy ,E1GEN,ETGENL,EIG
SENZ.NEXT;KS.MMS.lllnMH4.Ki.Kz.NcYRaPOHR2‘189).PONRS(ieO)nSC(ISOazb
4y,xK(3),VX(3), TIMEREG, AUTCON, SEARCON,EIGY3, SCFLUX(150,26), 1J 1,
5EM¢,MATNO(20),1SET,PRORT(12), ISAVE,ELOWER(27)

DIMENS]ON II(00).M1R(4w)-DELnttu).Pouni(iao).Euu(zz)-ALpHAtaizé).
1DELTA(22,26),5VM(189,26),S1GT(26,25),51G8(26,25),51681(26,25),VUS]
2G(26,25),CHI(26,25):5STR(234,25),8TR1(25,25),VINV(26,25),LHGP(26),
3LHREG(6) s CONC(40) s MIX(40) sMTIX(20) 1NTMIX(20),GAMMAL10.2.26) #EUCK!
426,25),BETA(2,26),LRATE(25) ;

EQUIVALENCE (LL (1), MAX), (LL(2),JMAX), (LL(3),NGBR), (LLC4) N, (LL(5),
1an),(LL(g),Nps).(LLt7).NoT).(LLge).|70u7).(LL(q).Lco).(LL(zo).nxx
23, (LLCIT),LPG), (LLC12),1DP), (LL(13),MUTEST) ) (LL(14),JSP),s(LL(15),N
IMIX) s (LLCL6), MMIX), (LL(17),KREG), (LL(18),NSQS), (LL(19),NFOS)4 (LL(
420),K1T1), (LL(21), 1BUK)Y, (LL(22),MADJ), (LL(23),MFR) A (LL(24), I ) (LL
5(25), IEXOP), (LL(26),11), (LL(66),MIR), (LLE106),MIX), (LL(146),"TIX),
6(LL(166) NTMIX), (LLC186)2NHGP), (LL(187), VHREG), (LL(188),LHREL),
7CLLC198) s LHGP) s (LL (224) ,LFREG), (LL(225) s NRATE), (LL(226),LRATE)

EOUIVALENCE(LL(ZZO).NFWEG).(E(l)}EP51).(E(Z).EPsz).(E(3‘}EPS¢).
14),FACY, (E(5), THETA), (F(s),SEN), (E(7),SGES), (E(8),RR), (F(9),XIN
2E(10)DELR)» (E(50),S51GT) s (E(700),51GS) 2 (E(1350),51051) s (E(2080)
3816G), (E(2650),CHI), (F(3300),STR), (E(9150),STR1), (E(9773),VINY),
410425),ALPHA), (E(10477),BETA), (E(10529),5AMMA), (E(11049),DELYA)
5(11621),EMU) » (E(11643),CONC) + (E(11683)sPOWRL) » (E(11872),BUCK 4 (
612522),5VM)

EQUIVALENCE(UA,UA2)

EQUIVALENCE (BSC1,BSC)» (BSC1(1),VUSIGH) »(8SCL1(157),S1GS1H), (BSC1(31
13),S1GSH), (BSC1(469),SIGTH)

DIMENSIONUA2(400),S1GCAP(26,25),SIGCAV(650),SIGF1S(26,25),SICFIV
1(6%50),ESCAP(26,41) ,EEAK (40,26),R5C(40,26),vUSIGH(26,6)s51651K(26.6
2),S1GSH(26,6),S1GTH(26,8)

COMMON/2/ESCAP1 (1066),EEAKY (1040),BSC1(1040),BSV(40,24),SHAP(S),
1DON(5),STRH(234,6),STR1H(26,6),NPSH,NDSH

COMMON/A2/SB(22,26),AL7(22),U(22),V(22),X(150,22),CHIH(26,10),
1xXFLUX(150,22),SCPROD1(150),SCPROD2(150),SCPROD3(150),R1(22), 2(22)
2,SCJF(40,26),SCJA(40,26),UAC400),SCPR1(40) »SCPRJI(4N),VUSIGHI(26,
36),CHIHL1(26),VOLH1(9 '), UA3(13),voLH(10)

EQUIVALENCE (ESCAPy,ESCAP,SIGFIS,SIGFIv), (EEAKy,EEAK,STGCAP,SIGCAV)
DIMENSION CCA(26),CCF(26),CCS(26),CCS1(26)

BANK(0),/2/,/A2/,%XLPCH,HOMOG
BANK(1),LINKS, /ALy

1JOuT=0

IF(NOT,GT,10) 1JOUTa1

JF(NOT,GT,10) NOTeNUT=6
REWIND 4
REWIND 3

Me ~ e wm—


http://TIMERBG.OUTCON.se

N o

203
204

202
209

130

10

12
35
1

206

207
134

31

MADJ,LT,0) MAD JuwM
*F uoq.eh.&.on.ug*.aof fnn.nor.sn.O)xsx.i
FTI1%1./12:5663706
DO 132 Ix1,MAX
DO 432 Je=g,V1
LASFLLIA I8!
DO 137 lai,MAx
DO 137 J=g,NGR
sC(l:J"l-U
IF(UNTT, 4)1,2,60
BUFFER IN(4,1) (XFLUXCL,1), XFLUX(MAX,J1))
PRINT 500
PRINT 501
IF(NOT,NE,5,AND ,NOT,NE,B,AND.NOT,NE,10) 6O Tn 130
IF(UNIT,3)4,5,3
DO 7 [®1,NGR
IF(UNIT,3)6,7,3
BUFFER IN(3,1)(X(1,1)s%X(1,1))
IFCUNIT.3) 203,204,3
BUFFER IN(3,1)(SC(1,1),SC(MAX,NGR))
IFCUNIT,3)202,209,3
BACKSPACE 3
BACKSPACE 3

F(UNiT, 3)8,9,3

A0SHER 1N2311Stx(1,1).x(nax.J,))
]8J2=1

DO 10 Jei,!

MIsJieJey
B2(J)®1,047197551«(EMUCtJel)eEMy(Y))
B2(M7)=B2(J)
B1(J)w2,¢B2(J)
B1(M7)=B1(J)

Kimi
IV(NOT.NE.5.AND.NOT-NE.B.AND.NDT.NE.!D) G0 To 206
IF(UNIT,3)351,13,3
BACKSPACE 3

BACKSPACE 3

IF(UNIT,4)206,207,60 »
M7=y

DO 61 K=1,JMAX

L=ll(K)

EMMeDELR(K) /3,

SSUM®SSOM=0,0

DO 62 JsM7,L

IF(J,EQ,M7) GO TO 301

IFCIGWNE3) GO To 300

AMLaXPT(J)ee?
AM2aXPT(Jeg)«XPT(J)
AMIZXpT( jui)*e2
Alel 256637064 (AM1.3 eAM246, ¢AMI)
Az.i,25663706n¢3..AH104..AM203.-AH3)
A391,25663706%(6.vAM1%3, wAN2+aM3)
GO r0 301
AleA22A321,0
SUM1=SOMELl=sSAMEL=SAM1=,,}
DO 63 M=2,J2
M3aJleMel
EMa(EMU(M) =EMU(M=1)) » 6,28318531
ENS(EMU(M3*1) "EMU(MS) ) e6,28318531
EMisEMeU(M)
EM2sEMeV (M)
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63

601

62

61

730
740

PHI WA

GO TO0 121

ENLW=EN*U(M3+1)

EN2awENeV(M3+1)

SUMe =SUMLeENL®X(J, Mv1)«EN2eX(J, M)

SAM1ESAMISEML*X(JaMS) *EM2¥X L, MBe1)

SOMELsSOMEL#EMLXFLUX(J, M3 )oEM2eXFLUX (J, 341,

SAME1sSAME1#EN{@XFLUX(J,M=1)«FN2eXFLUXCJIM)

CONTINUE

SAM23SUM1eSAML

SAME23SOMEL«SAMEL

1F(J.,EQ,1) GO TO 60}

SSUMPSSUMSEMM* (AS#SAM29SAME2+ . 5#A2* (SAM2YEML14SAME24ENLN) +ALEML0®
1EM1L

SSOMZSSOM.EMH-(As-SAnz-BSC(zaoJxo.9-12-(SAMZ.EMB.EM10-BSC(20'J))oA
141 *EMB¥EM10)

EMBaBSC(264J)

EMyo=SAM2

EM11=SAME2

BSC(26eJ)sSAME?2

SCJUF(K,K1)aSSUM

SCJA(K,K1)=SSOM

M7z el

IF(NOT,EQ,8) GO TO 742

M3z 2e1

DO 721 Jmi,M3

SCPRODY(J) (3, *EMU(J)*EMU(Jeq1)) /24,

SCPROD2(J)IS(EMULJ)I*EMU(Je1)) /24,

SCPROD3I(J)= (3, «EMU(J+1)«EMU(JI)) /24,

IF(NOT,.LT,®) GO TO 740

730 J=1.M3

3%.,}.12"

SUMag =EMUCJ) «EMU(J)

SOME=1,=EMU(J*1) *EMU(Je1)

SCPROD1(J9)e0, 5« (EMU(Js1)«SORTF (SOME) ¢ ASINF(EMU(Je1))-EMU(J)*SORY
1 (SUM)=ASINF(EMU(J))) £

SCPROD2(J9 ) (SUM*SQRTF (SUM) »§AME#SARTF (SOME?) /3.

SCFROD3(J9)c(EHU(J)'SUM-SOHTF(SUM)-EMU(JOi)'SOME-SOHTr(SOME))/4.

SCPR003(J9):(SCPRODJ(J9)-z.oEMU(J)'SCPRODz(JO)o(.QB.EMU(J)'E’U(J)
1+SCPRODL(JP) I/ CLEMUCJ*1) eEMUC ) )@ (EMUCJeL) =EMUCII D)

SCPROD2(J9) s (SCPROD2(J9) «EMU(J)«SCPRODL(J9) )/ (EMU(Jel)=EMUCJD)

CONTINUE

M7m4

N2si

DO 72p J7s1,NHREG

N3I®_HREG(J7)

SUMsSOME=0,0

DO 710 K=N2,N3

LA (K)ol

DO 700 l=M7,L

DO 700 J=1,M3

LELNPLNLSS

1F(NOT,LT,7,0R,NOT,UT,8) GO TO 741

SOMEs SOME « (SCPRDDI(J)o(xFLUX(!."5)-(2.-x(I.J).X(!tth))oX'LUX(X
161,M53) 02, #X 1+, J)*X (1o ) ) eXFLUXCT ) ® (2, #X (1, MB)eX(1#1aM5) beXFLY
2x(lel,J)e(2,#X(1+1,M5)eX(1,M5))))#BL(J)@DELR(K)

SOME=SOME = (SCPROD2(Jyw(XFLUX(I,M5)#(2,oX(1,Je1)eX(1e1,Je1))eXFLU
Ix(1e1 MBI # (2, %X (1ot %) ax(1s o1 ))oXFLUX(T MB=1)w(2 ox(1ag)ex(]ed,
2J)) & XFLUX(Ie1,M521)%(2,#X(lel,)®XC1aJd))+XFLUXCT,Js1)w(2, &X(],M5
FyeX(let,M8)) oXFLUXCI®1,Jeq)e(2,eX 1o MB)+X (1, M) aXFLUXCT V) OC2,
GeX (] Mo )X ([+1sMEo1) ) #XFLUXCTedsJ)* (2, ¢X([+1, MB=g)eX(1aM5==))))w



526&&1§8Et§(¥§CPR0D3(J)'(IFLUX(I.HS

3(K)
744 IFENOT.LT.9) GO Top 732
J93Je12

SUNEISOHEo(XFLUX(lol,"S)t(?.tx(l.l:J)oX(l,J))oxFLUl(I.NS)'(III'X.J
1)02.'X(l.J))‘XfLUX(loi.J)-(z..X(lol.Hs)ol(x.ns)).eruxll.J)-‘x(lo1

2.M5)~2.'K(X.M5)))'scpnnni(Joa-o.66666667'DELnf~)

SOME=SOME«( (2, o XFLUX([+1, M8y syF| XCLoMB))e(X(lal, Jot)eX(let,la))e(2

?-J01)-X¢l.J))o(z.-x(roi.J)oi(l.J)
2)'(erux(101-n5-1)-erux(101-M5))°(2-'l(1nJ)~x(l‘ltJ’)'leLul(lcNS
3-1)-X7LUX(l,”5))0(2.tX7LUX(lo1.J)oX'LUX(!,J))t(X(101.N!.1)—X‘|01."
45)).(2.-xFLux(l.J>oerUX(lo1.J))-(!(!.H5-1)-x(I.Ns))-(z.-x(l'x.ﬁs)
50X(]nHS’)'(lFLUX(101:J¢1)-XrLUx([01.J))0(2.'1(].Hs)OX(IOXnNS')'(xf

1o*XFLUXCT, M8) S XFLUXCTog, M5) )0 (X0

6LUX¢1,Jo1)-xFLUX(l,J)))oSCﬂﬁOanJvaao,66665657.05Ln(x,

SOHEISUHEO(J-'(XFLUX(l.H;-‘)-erUX(l.Hs))t(X(log.Jo1)-X(|01J.))°8.
1-(x¢1.J¢1)-x(l'J))-(xFLux(xoi.ns-i’-erux(1*1.~5))~2--terux'xun!)
2-XPLUX(I:H5-1)-XFLUX(101.N5)~foUX(lol.M’-i))'(X(l.J)-l(I.Jtl)-l(l
301nJ30X(IOI:J‘l))63.'(XFLUX(!.Jot)-l'LUX(I.J))-(!(101.N5-1)-)(101.
OMS))-J.-(x(x.Ms-x)-x(x.ns))-gerux(xox.Joz)-erux(xot.J»).2.'(XFLU
5x(l.J)-erux(l.Joi)-xFLux(1o1.J>.erux(1o1.J.1)>-(x(x.ns)-xtl.MS-t

6)eX(1eg,M5)eX(]e1,M54)))SCPRODS(U9)*0.86664667¢DELR(K)
732 IF (NOT,NE,5.AND,NOT.NF.8,AND,NOT.NE,10) GO TO 700

SUMsSUMe (SCPROD2( ) Y CIXFLUX (T MS) e XFLUX(T+1,M8) e (X (e, Jel)
1-X(I:J‘1))‘(XFLUX(lnH5-1)°XFLUX(i‘lnNS-i))'(x(l‘i.J)-X(I:J))‘(XFLU
ZX(loJ'l"XfLUX(I‘i.J‘i))'(x(l-M!)-X(Ioi.!!)).(xFLux(I,J)o]rLLx(xog

S, U0 e (XC1,M5=1)mX (141, M5a1)))uB2(J) a6,

SUMaSUMe (SCPROD1 (J) YR CUXFLUXCTaME) «XFLUX(J0q.M5) ) w( X101,y
L)exC1ad)) e CXFLUX (TSI 4XFLUXCT #1000 )@ OxCTaM5) ey ([o1,M8)))#R205) 6,
SUMaSUM« (SCPROD3(J) Y#COXFLUXCT MBwi) o XFLUXC[@g ,M5=1) )0 (X(]

101:J.1)'X(loJ‘i’)o(XfLUXfX:J’i)OXFLUX(loan‘l))'(X(!.N!-t)-x(!‘lnﬂ

25=1)))%B2(J)*6.
700 CONTINUE
710 M7alel
BSV(J7,Kq)=SOME
hb'J?‘é »
SV(L6,K1)aSUM

DO 17 Kai, JMAY

Lall(K)eq

DO 16 1®=M7.(

SOME=0,0

SUM=p,p

SUME=0.0

N30J201

DO 15 Jsy,M3

LEANFENEE
SOMERSOME«BL(J) w(X (1, N3) oXFLUX (1, )X (1, 45-2)eXFLUX(],Jel)e
IXCL, J)eXFLUXCT, M5 ) eX (], Jet)eXFLUX(], M5=1))

SUMBSUM*BL () (x (1ol M5)exFLUX(TaJ)eX (T oLamM5=1) oyFLyx (], Jo1}¢
IX(lel, JyeXFLUXCT, M5)+X(Tol, Jed)exFLUX(],¥5-1))

SUMEaSUMESBY () w(X (I, M) @ XFLUX(To1sJ)eX (1, M50 ) wXFLUX(Tag,Jot)e
IXCLaJ)eXFLUX (I *2oMB) e XTTaget) eXp uX(1o1,45-1))

SOME=SOME#B2( ) w (X (1, M5) e XFLUX( 1, J*1)eX(1,M5-1)=XFLUX(], J)e
IXCT, ) eXFLUX(T M5 eg )X (1, Jeg ) aXFLUX(T,M5))

SUMBSUM®B2( ) (x (1ad MB) wxp| [y (s *i)ex(TelanS=1)oypLyX (], e
IX(1al,J)eXFLUXCT, MBn1)aX(lal, Jat)eXFLUX(],M5))
15 SUME=SUMEB2(JU)#(X(1,M5)eXFLUX(Ta1sJe1)eX([sM5=1)aXFLUX(1o1,0u)e

IXCLad) oXFLUXCT*LoM5 1) ex (], Jog)exFLUX(T+1,M5))

"L)el2,eX( 1, eq)0x(10g,Jeg))eXFL
1UX(I’IlH"l)"?.'X(l‘l-Jtl)Ox([,J‘l))‘XFLUX([.J‘1)'(2.'x(I.N='1)°X
2(1'11N5-1))0X7LUX(lcl»Jol)'(?_.x(]ox,nS.t).X(1,H5.3,),).l1(JInDELR


http://67.de

S%PRO 1(])sSOME

SEPRODZ (1) aSUM
SCRROD3(1)®SUME

16 CONTINUE

17 M7s=11(K)
SUM=0,0
DO 24 J=1,M3
MS5sJieJeol o
SUMeSUMeBY (J)# (X(MAX,M5)eXFLUX(MAX)
IX(MAXaMB=1) ®XFLUX(MAX s g#1) ¢ X (MaXa J*

JYeX(MAX, J) # XFLUXCMAX, M5 )¢
L) XFLUXCMAX M5 =1))

24 sun-sun.az(J)-(x(MAx.Ms-i)-eruxiMAx.J>oK(MAx.J)oerux(nAx.Hi-t)o

IXCMAX, MB) «XFLUX (MAX) Jo1) e X (MAX, Jo1)
SCPRODL(MAX)3SUM
18 1F(K1.NGR)136,20,20
136 IF(NOT.EQ,6,0R.NOT,EQ.7.0R.NOT.ED.9
19 [F(YUNIT,3)19,21,3
21 BUFFER IN(3,1)(Xx(1,3),x(MAX,J1y)
200 IFCUNIT,3)200,201,3
201 M7=
208 !F}FNIT 4,208,205,60
205 BU
INDEX®"1
GO TO 31
20 IF(UNIT,4)20,27,60
27 BUFFER 1
INDEX®2
M7=l
BSC(K1,1)s0,0
DO 30 K=i,JMAX
L=ll(K)el
EMaDELR(K)/3.0
ENSEM*,5
SUMs0,0
DO 29 JsM7,L
IF(IG,NE.3) GO TO 302
AMLsXPT(Jel)ww2
AM2=XPT(Jeg )« XPT(J)
AM3=XpT( )ee2
Alal, 256637« (AM1+3 #AM2+6,4AN3)
A231,256637%(3.#AMg 44, vAM2+3 . wAMY)
A3=1,256637%(6.AM143 . vAM2+ANS)
GO 10 29
302 A1=A2=A3=21,0
29 SUMaSUMeEM# (A1#SCPROD1(J)+,5¢A2«(SC
1(Je1))
EEAK (Kak1)35UM
BSC(K1,1)eBSC(K1,1)ye8UM
30 M7=11(K)
Ki=Kiel
60 T0(12,28), INDEX
28 CONTINUE
NBB=1
NABsNGR
NCBeNGReb6
IF(NCB)32,32,33
32 NABaNGR
Go To 34
33 NABmb
34 CONTINUE
NBB1®NBB*1
NBB2=NBB+2
NBB3=NBBe+3

31

o XFLUX(MAY, M5))

) GO TO 201

ER IN(4,1) (XFLUX(1,1),XFLUX(MAX,J1))

N(4,1)(SCFLUX(1,1),SCFLUX(MAX,NGR))

PROD2(J)*«SCPROD3(J) ) +A3+SCPRODY



35

80

81

36

38
39
37

44

43

45
47
48
46

49

50

51

JBasTNgR:s

PRINT 502,NBB,NBB1,NBB2,NBB3, NBR4, NBBS

DO 35 J=g, JMAX
PRINT 503,J)(EEAK(JsM6) M6 4 )
PRINT 504,gssc(M6,1),ns.~ae?:7g:‘a
g0, i, i

PRIN 2 (SCUF(J,M0) spbm .
PRINT 521, (SCuA(J. M6, éunbn. hAD)
DO go Jysy,NHREG

PRINT 522,(BSV(J7,M6) n6e ’

Do 81 J7-1,NHRE$ 2 i
L6nJd7 4+
Zﬁéfﬁ‘gff"BSV‘L°‘"°""°'”9°'“‘9’
IF(NCB)37,37,36

NCB=NCB=6

lPéNCB)SG 38,39

NA -NAB.NcBos

GO 10O 34

NABsNAB«#6

G0 TO 34

PRINT 505

M7a1

IF(JMAXeb)4p,40,41

M= JMAX

GO v0 42

Mbeb

DO 43 JsM7,M6é

SUM=( 0

DO 44 K31 ,NGR
SUMsSUMeEEAK (J,K)
CHIM1(J)=SUM

CONTINUE

M71aM7ed

M723M7e2

M73sM7 43

M74sM7 4

M75aM7 45

PRINT 506,M7,M73,M72,M73,M74,M75
PRINT 507, (CHIM1(M5),M8aM7,M4)
IF(ME=JMAX) 45,46, 46
M7=Mé41
IF(M6ebaJMAX )47 47,48
MéaMbab

GO v0 42

Méuw JMAX

GO 10 42

SUMs0,0

DO 49 I=g,NGR
sUMasUmeBSC(141)
PRINT 508,SuM

DO sp !=3,NGR

DO 50 J=1,J MAx
MéaMIR(J)
IFCVINV(I,M8))84,50,51
CONTINUE

PRINT 509

G0 t0 52

SUMEs0,0

DO 53 ls1,NGR

DO 53 Jsi, JMAX



152

MéaMIR(J)
53 suME'sunE-EEAxtJ:|)'vlnv(l.M6)
PRINT 510,SUME
2 1FCUNIT,4)82:57,60
7 M7e4
DO 56 Kel,JMAX
MgeMIR(K)
spp(k)
DO 55 JeM7,L
M5aKeJ=q
syM=0.0
SOME=0,0
DO 54 l=1,NGR
SUMESUMCHI (T1+M6)*SC(Js1)
54 SOME=SOMEeVUSIG(I,ME)#SCFLUX(J, )
UA(M5)sSUM
UA(MS+200) #SOME
55 CONTINUE
56 M7=11(K)
M7.1
sUM=0,0
DO 59 l=1,JMAX
Lell(l)ey
EMSDELR(1)/3.
EN=EMe,5
DO 58 JsM7,L
IF(IG,NE.3) GO TO 6%
AMLeXPT(Jel)ww2
AM2eXPT(Jel)*XPT(J)
AMIBXPT () vw2
Als1,256637¢(AM143 #AM246,9AM3)
A23q , 256637« (3, vAMy 44, eAM2+3 . vAMT)
AR ,256637#(6, wAM143  wAM24AM3)
GO 10 67
65 Al=A2zA3e1,0
67 KsleJed
sun.sun.En-(A1'uA(K)-UA<K~Zno)o.s-kZ-(UA(K)-UA(K.zoxaoUA(xoinn
XUA(K*200))*A3*UA(K*1)*UA(K*201))
58 CONTINUE
59 M7s1l(l)~1
PRINT 511,SUM
SOMESSUME/ (SUM*EIGEN1)
PRINT 512,SOME
CALL HOMOG

&Egbg%ur.eo.i) NOT=NOT+6

3 PRINT 513
CALL QBQOERROR(0,4HBUG.)
60 PRINT 514
CALL QBQERROR(0,4HBUG:)
64 RETURN
500 FORMAT(«1AUXILIARY OUTPUT FOR PERTURBATION ANALYSISe)
504 FORMAT(/#gINTEGRAL OF (FLUX(R,MU) TIMES ADJOINT(R,MU))DMU DR¥)
502 FORMAT (/10K REGION+6%X»5HGROUP1325(6Xs5HGROUPIS))
503 FORMAT(BX,12,6(1X,E13,6))
504 FORMAT(/10H  TOTAL =,6(1X,E13.6))
505 FORMAT(¥OREGION=WISE TOTAL INTEGRAL OF ANGULAR FLUX TIMES ADGOINT

1l.)
506 FORMAT(/11H REGION, 13,85(6%, sHREGION, 13))
8507 FORMAT(6(2x,EL3,6))
508 FORMAT(//48H TOTAL INTEGRAL OVER ANGLE, SPACF, AND ENERGY = ‘E13,6)
809 FORMAT(//#« NO INVERSE VELOCITIES PROVIDED, LIFETIME NOT COMPLTEDe)



310, FORNAT{(/56H INTEGRAL OF ((1/v(E))PHICE,R,MU)PHIe(E,R,MU))DNLDRDE

511 FORMA}(/ 66K INTEGRAL OF C(CHI¢T)PHIw(I,R))(NUSIGF(I,R)PHI(ISR),
11%1,NGRIDR ® E13.6)

512 FORMAT(//34H SYSTEM PROMPT NEUTRON LIFETIME o F13,6)

513 FORMAT(«0EOF OR PARITY ERROR oN TAPE 3*)

514 FQRMAT(*0EOF QR P4 Y

515 FORMA (//E ~o°e~en%¢’no§8 EZ:?Tv BEEnE
1GENIZED GROUP 1S PRUVINEDW)

316 FORMAT(//32H NUMBER OF HOMOGENIZED GROUPS = 12,/25H FINE GROEP BOU
INDARIES = 10(13&)

517 FORMAT(//« ERROR, NU, OF HOMOGEN{ZED GROUPS REQUESTED 1S TOO LARGE
1, ONLY ONE IS COMPUTEDe)

518 FORMAT(//«NO SPACE HOMOGENIZATION REQUESTED, OUTPUT FOR ONE IbOMOGE
ANIZED REGION IS PROVIDFDs)

520 FORMAT(10H ., .CURRENT, &(41X,E13.6))

521 FORMAT(10M,ADJ,CURNT, 6(1X,E13,6))

522 FORMAT(10H INTEGRAL ,6(1X,E13,6))

END LINK 5

SUBROUTINE HOMOG

COMMON/A1/LL(250),E(17438),CC(6),NN(21),NR,LC,NA,NOF,LF,NAF,1,J,
1K)LoMiJ1,J2,J3,04,05,M1,M2, M3, M4, M5,M6,M7,SOME, SUM, AJ, 81,52, ¥OL,
ZLGo,NcE.AN.lT.xPT(15~),lnln.xuntn.ILDIN.NPXoslani.slosu.!!aelt.ilo
SEN2,NEXT,K3,MM5, 111,MM4,K1,K2,NCTR,POWR2(189),POWRI(189),5C(280,26
4)sXK(3),VX(3), TIMEBEG,OUTCON, SEARCON,EIGM3, SOFLUX(1%50,26), 1JKY,
5EM1,MATNO(20), ISET,PRORT(12), 1SAVEIELOWER(27)

DIMENSION 11(40),MIR(40),DELR¢40),PONRI(189),EMU(22),ALPHA(2:26),
1DELTA(22,26),SVM(189,26),S16T¢26,25),5165(26,25),51G81(26,259,VUS]
2G(26,25),CH1(26,25),STR(234,25),8TR1(25,25)sVINV(26,28),LHGP(26),
SLHREG(6),CONC(40),MIXC40),MTIx(20)sNTMIX(20),GAMMA(10,2,24) JBUCK(
426,25),BETA(2,26),LRATE(25)

EQUIVALENCE(LL (1) )MAX), (LLC2), JMAX) o (LLCS),NGR) » CLLC4YoN), CLLLS),
ANDS), (LL(6),NPS), (LL(7),NOT), (LL(B),ITOUT), (LL(9),LEO), (LL(10),MIK
210 (LL(11)4LPG)» (LL(12),INP), CLL(13) s MUTEST) ) (LLC14),JSP),(LLILS) AN
3M8X):(LL(16)vHMIX).(L (17):KREG’.(bL(ia)aNSOQ).(Lthﬂ)oufos)O(LL(
420),KITL), (LL(21),18UK), (LL(22),MADJ)y, (LL(23),MFRy, (LL(24), D€y, (LL
5(25).lsxoﬁ),(LL(ze).ll).;LL(.bs.nl“).(Lthoo).era.(LLtiqé).'YIX).
GCLLE166) o NTMIX) o (LLC186) ) NHGPY» (LL(LB s VHREG) » (LL(188),LHR !)'
7(Lt(198),LHGP).(LL(Z?‘).L nEam.(tL(225>.VRAT!).(LL1226). RATE)

EOUIVALENCE(LL(ZZO)oNFnEG).(!(1)}5’51)0(!(2).EP52).(l(!)'FPS’)o(E(
14).FAC) s (E(S) s THETA) » (E(8),SEN)» (E(T7),SGES) s (E(B),RR)(ELOI2? INI WL
2E(10),DELR), (E(50),S1GT), (E(700),51GS), (E(1380),81081), (E(2000),Vy
3516G), (E(2650),CHI), (E(3300),5TR), (E(9150),STR1), (E(977%),VINY), (E(
410425)ALPHA)» (E(10477),BETA) . (E(10529):GAMMA), (E(11049)sDELIA) W (E
5(11621),EMU), (E(11643),CONC), (E(11683),P0WRL), (E(11872),BUCK), (E(
612522),SVM)

EQUIVALENCE(UA,UA2)

EOH}VAtENCE(BSC1.BSC)-<5801(1).VUSXGN).(9501(157).81031u).(8!c1(31
13),SIGSH), (BSCy1(469),S1GTH)

DIMENSIONUA2(400),SIGCAP(26,25),81GCAV(650)sSIGF1S(26,25),SIFlV
1(650),ESCAP(26,41),EEAK(40,26),88C(40,26),vUSIGH(26,6),51G651K (26,6
2),SIGSH(26,6),SI6GTH(26,6) =

COMMON/2/ESCAP1(10606) EEAK1(1040),BSC1(1040),B3V(40,26),8HAP(5),
1DON(5),STRH(234,6),STR1H(26,6),NPSH,NDSH

COMMON/A2/SB(22,26),AL2(22),U(22),Y(22),%X(150,22),CHIK(26,10),
1xFLUX(150.22),SCPROD1(150),SCPROP2(150),SCPROD3(150),81(22) sE2(22)
2,SCJF(40,26),SCJA(40,26),UA(400),SCPR1(40) ,SCPRU(40),VUSIGH (26,
36),CHIH1(26),VOLHN(41),UA3(13),VOLH(L1D)

BQUIVALENCE (ESCAP1,ESCAP,SIGF1S,SIGFIV), (EEAKL,EEAK,S1GCAP,SIGCAV)

DIMENSION CCA(26),CCF(26),CCS(26),CCS1(26),SITRH(26,6),CCD(28),
LVINVH(26.6) 4

EQUIVALENCECUA2(1),SITRH)» (UA2(187),CCD) s CUA2(183) sV INVH)

*)

QUESTED, OUTPUT FOR ONE HOMO



134

12/ /A2/1XLPCH, 06
BANRESY s (RhksAT4 - Ron oM
IF(NHGP)116,116,117
116 1F(NHREG)118,118,119
118 PRINT 529
PRINT 530
529 FORMAT(+ NO ENERGY OR SPACE HOMOGENIZATION REQUESTEDw)
830 FORMAT(s HOMOGENIZATION DONE OVER ALL REGTONS AND ALL GROUPS+)
NHGP®1
NGREG=1l
LHGP(1)sNGR
LHREG (1) = MAX
SRINT 531, NGR
19 ;
331 :S 311(37h NO ENERGY HOMOGENIZATION REQUESTED, I2,16H GROUPS PROVI
1pED?
NHGP=NGR
DO 421 le1,NGR
121 LHGP(])=]
GO v0 129
117 1F(NHREG)122,122,129
122 PRINT 532, JMAX
!321FERMAT(36N NO SPACE HOMOGENIZATION REQUESTED. 12.17H REGIONS PROV1
DED)
NHREG=z JMAX
DO 124 I=sg,JMAX
124 |HREG(])=]
GO TO0 129
123 IF(NHGP«NGR)126,126,127
127 PRINT 533
833 FORMAT(+ ERROR, NUMBER OF HOM. GROUPS REQUESTED IS T0O LARGE®)
PRINT 534,NGR
534 FORMAT(4X,12,28H HOMOGENIZED GROUPS PROVIDED)
NHGP®NGR
DO 128 [=1,NGR
128 LHGP{I)sl .
126 |F(NHREG~JMAX)129,129.,130
130 PRINT 535
535 FORMAT(+ ERROR, NUMBER OF HOM, REGJONS REQUESTED 1§ TO0 LAREEe)
PRINT 536,JMAX
536 FORMAT(4X,12,29H HOMOGEN1ZED REGiONS PROVIDED)
NHREGa JMAX
DO 131 I=y,JMAX
131 LHREG(I)=]
129 MaNHKREGel
DO 132 I=q,M
1F (LHREG([*1) = HREG(1))133,132,132
133 PRINT 537
537 ;ORNAT(O ERROR, HOMOUGENIZED REGION BOUNDARIES NOT IN ASCENDING ORD
1ERw)
GO v0 114
132 CONTINUE
MaNHGP=1
DO 134 [=1,M
IF(LHGP(1e1)~LHGP(1))135,135,134
135 PRINT 538
838 FORMAT(+ ERROR, HOMUGENIZED GROUP BOUNDARIES NOT IN ASCENDINE ORDE
1R*)
GO 70 114
134 CONTINUE
IF (LHREG(NHREG) wJMAX) 136,136,137
137 PRINT 539



339
136

540
120

141

28
30

25

31

10

68 SUME=SUMESEN*(AL#SC(L,11)%SCFLUX(Ls1) e 5¢A2%(SC(L,11)eSCPLUXIL®L,I

FORMAT(s ERROR, HOM,
4 geor {34 + HOM. REGION BOUNDARIES T30 LARGEe)

IF(LHGP (NHGP)«NGRy127,120
PR;NT 540 - ) ’ ,138
FORMAT(* ERROR: HOM+ GROUP i

0 0 134 ' OUP BOUNDARIES T0O LARGE®)

F(LFREG,LT,1
57i§ EG,LT,1)LFREGR1

D014l [=1,NWREG

Lell1(LHREG(1))

VOLH(I)=XPT(L)=XPT(M7)
l;(lG.EO~3)V0L“(l)-4.1557902-(xvv(L)--s.xpr(n7;..3)
M7=

NPSH=0

NNé=1q

NDSW=0

N2al

AMis ).

AN 72 734 ,NHIER

MATNAMe FREQ+J7 W1

NSwq

N3S_ HREG(J7)

VOL1=VOLH(J7)

SUMN1=0,0

D0143 [4=1,NHGP

N6=LHGP(14)

N7-1

SUHN2'0.0

DO 65 !5=1,NHGP
SUM2eSUM5aSUMbeSUMT 3,

NB= HGP(15)
EMisEM2sEM3sEM4gEM6EM1ARD, 0

D0142 lsN5,N6

DO 66 11=N7,N8

M1sNN6

DO 667 JsN2,N3

SOME®SUME=SOM=0,0

Mz'll(J)'l »
1F(1G,EQ.3) GO TO 31

VOL5® XPT(M2+1)eXpT(M1)

GO T0 26
VOLS=4,1887902¢(XPT(M241)we3-xPT(ML)ved)
EMaDELR(J)

ENTEM/340

DO 68 LaMi,M2

Ay=A23A3=1,0

Ali=A12=,5¢EM

IF(1G,NE,3) GO t0 1U

AM{aXPT(Lel)#e2

AM2EXpT(Le1) eXpPT (L)

AM3aXPT(L)#w2
A1121,0471976+EMe (AM1@2 ,0AMRe3, «AM)
A1291,0471976%EM* (I vAML1e2,¢AM2eAMS)
‘1.1,256637.(AN103'.AH2.6_.AN3,

A2%q ,256637%(3,vAMg*g , vAMR 4T, vANY)
A3%4:256637% (6 aAM1*3+wAM24ANT)
SOME=SOME«AL11eSCFLUX(L, [)*A12+SCFLUX (L1, 1)
SOMaSOMeAL1wSCFLUX(L, [1)eA12eSCFLUX(Le1, 1)

1)eSC(L*1, 1) *SCFLUXCLs1))*A3eSC(L+L, 1) *SCFLUX(LeL,1))
12aMIR(J)

EM2sEM2¢CHI(I1,12)eVUSIQL],12)#SUME
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)
‘Ftkb”ﬁégfsegat%0§%50.6> SUMBaSUM5e S+EEAK (Y, 11)
SUM7=SUM7eS0M
21 {F(J1.NE'N7)GO TO 20
SUM2aSUM24SOME
IF(NOT,EQ,5,0R.NOT, EQ.6) SUM=SUM6® B+EEAK(J, 1)
20 IF(11=1)67,70,69
70 EMLmEM1+S1GT(1s12)%REAK(J, 1)
EM3sEM3«S1GS(1,12)«SUME
EM4nEM4S16S1(1,12)#SCUFeJ, 1)
EM6SEM6*VINV (T, ]2)*SOME
GO TO 67
69 M4gllelsl
IF(11=1,GT,NDS)GO TO 67
M5=25
Hé.o
DO 139 J5s1,M4
MEEM6*M5
139 M5aM5a1
Mé4m]eMb
EM3IaEM3«STR(M4,12)«SUME
IF(I=11+1)67,79,67 g
79 EM4EM4+STR1(],12)#SCJA(Js]*1)
67 CONTINUE
IF(1TOUT,NE,40)G0 TO 667
PRINT 521, SOME,SOM,SUME, EEAK(J, 1)
PRINT 389.J:J7:ll141[1-I!JSUN?:SUHS.SUM&:SUH?
389 FORMAT(615,4E18,6)
667 M1imM2e3
IF(1.NE,N5) GO TO 66
IF(NOT,NE,5,AND ,NOT.NE,6) SUMS=SUMSeBSV(J7, 1)
66 CONTINUE .
IF (NOT«NE,54+AND/NOTNE.6) SUM6aSUMbeBSV (J7, 1)
LéuJ7+6
IF(NOT,EQ,5,0R.NOT ,EQ.8,0R,NOT .EQ.10) EMLA=EM1A+BSV (L6, 1)
PRINT 360,J7+1:5UM5,5UM6LEMIA.14415
360 FORMAT(4H J7=,XZ,5X.2HI=]lz,sx,SHSUHS-.EtB.6,5x,9H9uN61,510¢¢,!X,!
{HEMyAn,E18,6,2X,3H142,12,2X,3H158,12)
142 CONTINUE
SUMN23SUMN2+EM2
EN1aNBaN7el
EM1aEM1¢ENL
EM5sEM5«EN1
EM28EM2+EN1
EM3sEM3«EN1
EM4uEM4#ENY
VUslGHl(15:J7)=(EM?'SUM7)/(sUM5-3UH2'5N1'25-132741)
17(15-14) 65;318:73
318 VINVH(14,J7)=EM6/SUM2
SIGTH(14,J7)=EML/ (2, 0%SUMO*ENT)
{F(NOT,EQ,5,0R,NOT EQ.8,0R,NOT, EQ.10) SIGTH(14,J7)nS16THIT4,.7)=EN
11A/(2,#SUM6)
SIGSH(14:J7)=(EH3'SUM7)/(SUHB'SUH?'!Ni'?’-132741)
319 slosiu(14,J7)s(En4.suM7)/(suns.sun2.6,2931353.5N1,
GO TO 65
73 M9=25
M10g!5+1441
1F(15«14,GT,NDS)GO TO 65
IF(15=14,GT ,NDSH)NDSHaI5al4
Mi130
DO 74 JS=1,M10
H11-H110M9
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74

80
65

75
76

520

521

307
308
306

303
301
302

305

720
143

724

722
78

M9EM9%e1

MlOIIQ‘Hll

STRH(M10,J7)=(EMIusuM?

;:;13(;4 1;65.80-62 )/(SUMBeSUM2+EN1#25 132741,

1 4,)7)=(EM4wsUMT )/ .

TFOSTRIN(T14, 7 NESUM)NP;zenSoSUnZ EN1%6,2831853)
N73NBe1

SUM=0,0

DO 75 J5l1,NHGP

UMESyM*V H1t

s0 7°UJ5.g§lG 1(J5,97)
CH!H1(Jg)lVUSIGH1(J5.J7)/SUH

VUSIGH(14,J7)3gyM

PRINT 520,14,J7

::;NIT?316(CHIH1(J5) s8¢, NHGR)

M H FISSION SPe

s - gl SPECTRUM FROM HOMOGENIZED GROUP 13+20W HCMOGEN
FORMAT(7(3X,E12,5))

IF(MIK«NE,2) GO To 34

XNQsNHGP/5,

NNQaXNQ

FNOaNNQ

IF(XNQ=FNQ)308,308,307

NNQaNNQ#1

PUNCH 306,NNG, 14,7

FORMAT (14u THE FOLLONING »12.%0H, ENERGY DEPEND F1§S SPEC FRAC Ca
1RDS ARE FOR GROUP ,12,9H.» REGION ¢12)

NCARDs=s1

NCRDTP=2

MQ=1

NQu5
IF (NHGP,GE,NQ) GO TO 3%

NQ=NHGP

PUNCH 302, ISET,MATNAM,NCRDTP, 14,NCARD, (CHIHL(J%), JSsMD, NO)
NCARDaNCARDe1 '
FORMAT(AS5,16,1X,11,213,1X+8E12.6)
IF(NHGPeNQ)304,304,3:5

MQ=MQes 5
NQ*NQ*5

GO 10 303

CONTINUE

IF (SUMN2,LT,SUMNL) GO TO 143
SUMN1 s SUMN2

DO 720 J5=1,NHGP

CHINtJ5 J7)=CHINK1(J5)

NsaN® .

N2=N3+1

IF(ISAVE,EQ,0)G0 TO 72
JB8uJ7 4 FREGe]

DO 721 J5%1,NHGP
SIGT(J5,J8)sSIGTH(JY,J7)
SIGS(JS5,J8)sSIGSH(JS,J7)
S1GS1(JU5,J8)3SIGS1IHUS.JT)
VUSIG(JS,J8)=VUSIGH(J5, J?)
CHI(Js,J8)=CHIK(Js,J7)
VINV(JS5.J8)BVINVH(D,J7)
IF(J5,EQ,NHGP) GO TO 721
STR1(J5,J8)aSTRyH(JUs,J7)

CONTINUE

DO 722 JSs1,234
STR(Js,Jg)"STRH(Js, Jy)

NN6STT(N3)



138

542
543

522
523

524
525

526
527

101

102

104
103
105

528
106

544

WiN
REVIND B
NOW PRINT AND PUNCH HOM X~SECTS
K7=0
PRINT 522
PRINT 542, (LHGP(I),1=1,NHGP)
PRINT 543, (LHREG(I), 131, NHREG)
FORMAT(1H0,4X,24MLOWER GROUP ROUNDARIES = 2614)
FORMAT (1HO» 4X, 25HUPPER REGION BOUNDARIES ® 616)
DO 100 l=1,NHREG
PRINT 523,!
FORMAT (1H1s2Xs 30HHOMOGEN]ZED CROSS SECTION DATA)
ronnAT(///dx.11H-..-.-.-.-./4x,11H“uHoGENIzEn.10x.7u-schA-;!x.9H-
1SIGMA Sw,5X,9H+SIGMA S-.5!.10N&NU-81GMA'.4XaoHnFISSIONt.erii“'DIV
zrusloN-,5x.9H-xnvense-/qx.7u-ngsioN.lsuiut.iux.7u-ToTAL-.7x.GN' 143
3RO «,5X,9H« ONE t,5x,OH.flssloN',Bx,1UH-SPECTRUM..2X.13H6COEFVX
4CIENTe,3X,10H*VELOCITYu/4X, 1 Hesputwantne)
FORMAT (6X,9HHOM GROUP 13s3Xs7(1X,E13.6))
FORMAT(1HO0,3X,15HTRANSFER MATRIX)
FORMAT(9X,9HDOWN#wew [2/(5E18.6))
FORMAT (7Xs11HP1 DOWN®*+ 12/(8g18.6))
DO 101 J=1,NHGP
SUM=1,/(3,+SIGTH(J, 1))
PRINT 524,JaSIGTH(JII)-SIOSH(J.I):SlGS!H(J.l).VUSIGH(J-I).cHlR(J:I
1),SUM, VINVH(J, 1)
1F(NDSH)103,103,102
PRINT 525
M=l
DO 404 Iis1,NDSH
LENHGP=11m1
M7=l «M
PRINT 526,11, (STRH(M6,1),MbsM, MT)
MB26%M"]1
IF(NPSH)106,106,105
M7=NHGPey : I
PRINT 527,14+ (STRIH(M6,1),ME81,M7)
NOW PUNCH HOM XeSECTS
FORMAT(12,110,5E12,%)
IF(MIK.EQ,2) CALL XLPCH
IF(MIK.NE,1) GO To 1.0
PUNCH 544, (PROBT(MB),M8=q,12)
FORMAT (12A6)
Mz (LFREGe[»2)#26
Mi=Me50
M2EM*700
M3aMe1350
M4=M*2000
M7BM*9775
MB=M+2650
M5=(LFREGe1=2)#23445300
M6=M*9152= FREG"]
Kis5
DO 108 K=g,NHGP,5
MMiEMieK=1
MM2aM2eK=1
MM3aM3eK=1
MM4eM4eK~1
MM6sMbaK=1
MM7eM7 aK=1
MMBEMB#K =1
IF((NHGP=K) LT .5)K1aNHGPuK+1
NiisKieK=1



PUNCH K1,MM { {
pUNEH 3883k M (3]aTH ERTAM BTN EY
PUNCH 923,K1.HH3.(SlOSlH(NIO,r,,uiO.x,Nil)
PUNCH 525.K1.NN4.<vuslsH¢N1u.|,,~1o.x,~11,
PUNCH 5250K1!HM7;‘VINVH(N1'], YaNd "KaN11)
PUNCH 528,K1,KMB, (CHIN(NAG, 1) N1 gex N11)
1F(N11.EQ,NHGP) KinKqeq
!r(KioLT-l) GO r0 200
NiiagKlaKel
108 PUNCH 528, K1, MM6, (STRIN(N10,1),Ni ®K,N$1)
200 IF(NDSH)109,109,110
110 K25
DO 111 K=1,234,5
MM5aMS ek =y
IF((234eK),LT,5)K2a234.K
K3eKeK2eq
111 PUNCH 528;K2-MN5:(STRH(K4.Ii.xl-x.KJ)
109 PUNCH 545
545 rORM‘Y(72H-.-"-t..t.t--.w.'o
1ovontnnnennnnney)
100 CONTINUVE
114 ACG9I(TIHEBEG-T!HELE?Y(Ac&o))._061
PRINT 541,AC49
541 FORMAT(45M0 TOTAL TIME INCLUDING INTEGRATION EDIT TOOK F9.3,8K SEC
10NDS)
RETURN

".'.‘.'."..0"'0.""""..'.".'.'

END

SUBROUTINE XLPCH

COMMON/A1/LL(250),E(17435),CC(6),NN(21), R, Le, NA,NOF, LF, NAF, 1, J,
1K.L.H.J1»J2.Js.JQ.JD.H1.Mz.M;,M..M5.M¢.H7.SOnE.SUM.AJ.S1.qz,voL.
ZLGO.NCE.AanT;xPTtlﬁ‘).lDIH.]thﬁ,ILDIH.VPlaFlGHl.ElGEN.E!GENIaEIG
SENZ,NEXT.KS.HH5,ll!oNﬁi.Kl.Ki.NCTRn’OHP2¢159).POuRS(ln°1}sc(lSO,26
4))XK(3),VX(3), TIMEBEGsOUTCON, SEARCON,E1GM3, SCFLUX(150,26) . 1JK1,
SEM1,MATNO(20),ISET,PROBT(12), 1SAVE+ELONER(27)

DIMENSION Il(ao),ntn(an);nsLn(4o,,Pouni(teox.EMU(zza,ALPHA<2;26).
1DELTA(22.26),svn(1e9.25);SlGT(zo;25).5105(26.25).SIGS1(?6.25!.VUSI
20(26:25):CH1(26,25)tsfﬂ(234n25).sTﬂi(ZSnZS)'leV(ZG.zs)-LNGP‘Zb)o
SLHnea(s),c0N0(¢0),MXx(aoa.erx(?a).Nrnixtzo).aAMNAtio.Z.zaa.EUCK(
426,25),8ETA(2,26),LRATE(25)

gQU]VALENCE(LL(l).MAX).(LL(?).JMAX’.(LL(!)-NGR):(LL(‘)-N).(LL(’):
1NDS):(LL(6)0NPS):(LL(71.N0T):(LL(B’.lTOUT).(lL(°).Lc0)o(LL(10)nHIK
232 (LL(11),LPG), (LL(12), IDP), (LL(43),MUTEST), (LL(14),JSP), (LLS15),N
IMIX) et (16)tHH{X)n(Lk(17):KREG)A(bL(lb)-NSOS)u(LL(19’0N'05"(LL(
42 ),Kl#k),(LL(z ), 1BUK)y, cLL(22),MADJ)Y, (LL(23),MFRY, (LL(24), BG)Y, (LL
5(25), IEXOP), (LL(26),11), (LL(88), MIR), (LLC106),MIX), (LL(146)," TIX),
SCLLCL166) aNTMIX) s (LLC186) sNHGP Y, (LL(18B7) s NHRER) . (LL(188).LKRES) s
T(LL(198),LKGP), (LL(224), LFREG), (LL(225),NRATE), (LL(226),LRAT:)

EQUIVALENCE(LL(220)/NFREG), (E(1),EPS1),(E(2),EPSa), (E(3),FPS3), (E(
14)4FAC) A (E(S) s THETA), (E(6) . SEN)» (E(T),SGES) + (E(BY,RRI . LELQ) »XIND
2E(10),DELR), (E(50),S1GT), (E(700),51GS), (E(1350),81651), (E(2060),Vy
3S16G), (E(2650),CHI), (E(3300),STRY, (E(9150),STRL), (E(977%),VINY), (E¢
410425),ALPHA) 4 (E(10477),BETA) . CE(10529) ,GAMMA), (E(11049)sDELIA) s (E
5(11621),EMU), (E(11643),CONC), (E(11683),PONRY), (E(11872),BUCK., (E(
612522),:vné( ™

E ALENCE (yA,

E%H;gltENCE(gSCR.BSC).(8801(1).VUSIG”):(SSC1(157).91051“)-(5551(31
13),SIGSH), (BSCy(469),S1GTH)

DIMENSIONUA2(400),S1GCAP(26,25),SIGCAV(650)sSIGF15(26,25),S6F1Y
1(650),ESCAP(26,41),EEAK(40,26),88C(40,26),VUSIGH(26,6),51GS1%(26,6
2),S1GSH(26,6),SIGTH(26,86)

COMMON/2/ESCAP1(1066)EEAK1(1040),8SC1(1040),85V(40,26),SHAPIS),
1DON(5),STRH(234,6),STR1H(26, &), NPSH, NDSH
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aaa

) (2 2 0,2 iut26,10
1&9?‘.69”1{3%132S?Seiabb;‘«iggils%@ﬁ%b;‘(‘,,%%:imabs 158814178538 oo
2:5CJF(40:26):SCJA(QU.Zé).UA(QOO).SCPRI(‘U) 1SCPRJL40),VUSTGHE (264
36),cHlHi(zb),voLH1(OU),uAJ(13,,voLH(lo)

EGUIVALENCE(ESCAP1,EsCAP;SlGrls.slﬂrlv).tEEAx1.EEAK,SIOCAF.SIGCAV,
DIMENSION CCA(26)-CCF(26!'ccsl261:CC51(26).SITR“‘Zé.e)ocCD(Zé)'
1¥leH(26,6é

QUIVALENC (UA2(1),SITRH).(UA;(,57).CCD).(U‘z(183).vlnvu)
BANK(0)s/2/4/A2/»xLPCHsHOMOG

BANK(1),LINK5, /ALy

NDSH=12

IFCNHGP LT+ 12)NDSHENHGP =1

MATNAMe FREG+1-1

PUNCH TYPEePLUS CARD
ADEN=1,0
PUNCH 500, 1SET +MATNAM»ADENs (PROBT(J)2J®=1,6),1
500 FORMAT(A5,16,1X,1He,E12.5,5HTESS ,2X,6A6,7THHOM MAT,13)
NTYPE=0
Mim0
M=l
PUNCH ZERO=TH GROUP TYPE 0 CARD, E OPT BL, D OPTsy, TR OPT %3
PUNGH 501, 1SET +MATNAMNTYPE.M1ELOXER(L)
501 FORMAT(AS,16,1x,11,13,4x,E12,5,12%,E12,5)
DO 2 Jmi,NHGP
M7=LHGP (J)*1
E9sl,/VINVH(JI, )
2 PUNCH 501, 1SET ,MATNAM,NTYPE, J,ELOWER(M?),E9
NOW PUNCH TYPE 1 CARDS
BUT FIRST COMPUTE AHS AND TOT SCATTERING X-SECTS
NOTE THAT CAP=0, SIGFIS=ABS AND NUSNUSIGFIS/ABS IN TYPE 1 CARDS
M5ENHGP =1
DO 10 Jei,M5
10 CCS1(J)aSTRIN(JI*SIGSIHII, 1)
€CS1(NHGP)2SIGSAH(NHGP, 1)
DO 3 Jel,NHGP
M3 =g
gUM=0,0
M2826
IF(JuNHGP)12,11,12
12 DO 4 K=1,NDSH
KisJeM3
SUMsSUM&STRH(KL, 1)
M2EM2 ey
IF(K*J=NHGP)4,11,11
4 M3I=2M3eM2
11 CCS(J)sSUM#SIGSH(J, 1)
CCD(J)ag,/(3.#(SITRH(J, 1)=CCS1(JY))
CCACJIESIGTH(Ja] ) ecCs ()
3 CCF(J)=VUSIGH(J, 1)/CCAcJ)
NOW PUNCH TYPE 1 CARDS
CAPT=0.0
NTYPEal
DO 5 Jei,NHGP
5 PgNCH 503, 1SEY JMATNAM,NTYPE, J,6CD(J)»SIGTH(J, 1),CAPT,CCA(J),CCF ¢
i)
503 FORMAT(AS,16,1%X,11,13,4%,5€12.5)
NOW PUNCH TYPE 2 CARDS IF REOUTRED=THIS BIVES FISSION SPECTALM

NTYpE®2

DO 6 Jel,NHGP
IF(CHIH(J,1)16,6,7
CONTINUE

GO0 1O 8
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7 M0
MBa0
DO 9 Jmy,NHGP,S
MBEMBe1
NisJed
. IS(JOQ.GY,NHGP)NiuuﬂnP
PUNCH 506,1SET ,MATNAM,NTYPE, . L
506 FORNAT(AS,18,1x,11,13, 13 1y 8513 57 Cn " K 1)sK2uNe)
NOW PUNCH SCATTERING X-SECTS, AS TYPE 3(ELASTIC)

FIRSTY WE MUST FIND TOTAL P=1 E Xe
8 NTYPESS oTAL SCATTERING sEcrs

Momg
Mimg

DO _13 Jul, NWGP
DETERMINE NO. OF POSSIBLE DOWNSCATTER GROUPS 210

KglNBSH
IF(NHGPeJ,LT,.NDSH) KGaNHAPaJ
NO UPSCATYER ALLOWED
NF=0
ONLY § P=y DOWNSCATTER GROUP
1G1eNPSH
1F(J,EQ,NHGP) IG120
NFi=Q
PUNCH 504,1SET ,MATNAM,NTYPE,J,M0,CCS(J),NF.KG
IF((CCS1¢J),EQ.0.0),AND, (1G1.E0.0)) GO TO 13
PUNCH 504,ISET ,MATNAM,NTYPE,J,M1,CCS1¢J),NFy, 10y
504 FORMAT(AS,16,1X,11,13,3X,11,612.5,13,13)
13 CONTINUE
NOW PREPARE TO PUNCH THE TRANSFER MATRIX
NTYPEs4
NNGPeNHGPe1
DO 14 Ks1,NNGP
CONaCCS(K)
M3ag
M4®0
M2s26
IF (K=NHGP)18,16,18
18 DO 15 J®1,NDSH ,
MdsJ
K1-KOM3
CCAly*1)=gTRH(KL) /CON
HZ-HE-I.
IF(JeK=NHGP)15,16,16
13 M3aM3eM2
THE P=0 TRANSFER VECTOR 1S NOW cOMPUTED FOR GROUP K
16 CCA(1)aSIGSH(K)/CON
NOW PUNCH Pe0 VECTOR
MSaMd ey
N5=1
DO 17 Jsi,M5,5
CENEY
IF(Je4,GT,M5)N4aM5
PUNCH 505, 1SET ,MATNAM,NTYPE,K,N5,M0, (CCA(Ky),Kind,N4)
505 FORMAT(AS,16.1X,11,13,13.11.%€12.5)
17 N5=NSe1
NOW PREPARE Ps=1 VECTOR
IF(NPSH,EQ,0) GO To 14
NSl
CON=CCS1(K)
CCF(1)SIGSgH(K)/CON
CCF(2)=STRIN(K) /CoN
IF(K.EQ,NHGP)CCF(2)a0,0

NCH 505, ISET
E%NglNU% ' +MATNAM,NTYPE,K,N5,M1,CCF(1),CCF(2)
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APPENDIX F

Sample Problem

Shown below are the listing of the input card deck and the output print
for a very simple two-group, two-region, anisotropic-scatter, sample prob-
lem. Although the problem is not a practical one, it uses many of the fea-
tures and options of TESS and hence would serve as a good test case. Part 1
calculates the real and adjoint fluxes, then spatially weights the macroscopic
cross sections using the 1 - p? bilinear weighting option. The cross sec-
tions are on cards, so the problem is completely self-contained.

The change-case capability is used to follow Part 1 with a second
pass which spatially homogenizes the cross sections using the +/1- u? flux-
weighting option. Rather than repeat the flux iterations, the fluxes from the
cell calculation in Part 1, retained in memory, are used.

1. Listing of Sample-problem Input Deck

TESS TWO GROUP-TWO REGION TEST PROBLEM,NOT EQUALS 10,SPACE COLLAPSE
1

16 T 2. 2. & 11710500 X100 RRILSIDLEENED
5 23,1 1 0n 5.7

2 66 3 4

4 106 3 1 4 2

3 186 "2 1.2

2 i 198 1. 2

1 1 .0001

2 10 2.25 0.5

2 50 3.0185 6.963

2 76 10. 20.

2 700 2.9852 6.963

2 726 9.5 14.

" 1350 0.01 0.02

2 1376 0.1 0.2

2 2026 0.0 6.0

2 2676 1.0 0.0

1 3300 0.33333E-01

1 9150 0.001 E-01

2 9715 T.23 E-10 2.29 E-09
2 9801 7.23 E-10 2.29 E-09
4 11643 0.0 0.05 0.0 0.01
1 3534 0.5

1 1 9175 0.001

NOT EQUALS 15,SPACE COLLAPSE
1 70
1 1 .0001

-
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2. Sample-problem Output

TESS TWO GROUP=TWO REGION TEST PROBLEM,NOT EQUALS 10,8PACE COLLAPSE
PROGRAM TESS 694

-0

ruu A8 EoRETRY
UX CALCULATION OF DUAL FLUXeA p
RRUY AT Sitvevtaieines o NOINY ORTION

NUMBER OF REGIONS
NUMBER OF GROUPS
DOWNSCATTER GROUPS
ANGULAR APPROXIMATION
ANGULAR INTERVALS
PONER GUESS OPTION *
CONVERGENCE OPTION ewes

OUTPUT OPTION sesseasen
ELEMS. IN MIX. VECT, «»

INPUT PRINT OPTION evew

ITERATION MAXIMUM
P1=DOWNSCATTER
TAPE ELEMENTS
SEARCH OPTION
SEARCH ZONE
SEARCH POS, IN M|
FILL POS, IN MIXewasee
BUCKLING INPUT OPTION «
NO, OF REACTION RATES «
HOMOGENIZED GROUPS e#ee
HOMOGENIZED REGIONS wae

-
M NO OO COOMOOA DA MM N M

EPSILON eev
INITIAL RADIUS
EXTRAPOLATION FACTO
NORMALIZATION FACTOR
SECOND GUESS seweevevsn 0,000004080
EIGENVALUE DESIRED « 1.00000e080
SEARCH RATIO #wesweeves 0,000000000

1.onooq-oia
0,000004000
0.0000040§0
1,00000¢080

REGION DATA

REGION REGION MAXTMUM DELTA OUTER
NO, MATERIAL POINT [NDEX (] ulnlul
1 3 L] 2,250004000 9,000004000

2 4 ? 5,00000-001 1,000004088
»

ANGULAR DAYA
MU «1,000004000
L'l !'-5 000004001
NU 3¢ 0-00000‘0!0
MU 4% 0,00000¢000
MU S5e 5,00000001
MU 6% 1,00000%000

MIXTURE DATA
1 3 0.000004000, MIX,

5 i 5.00000002¢
4 0:00000%000« NIX,

4 2 1.00000.002¢

NO FIXED SOURCE INPUT

BOUNDARY CONDITION SPECIFICATION
PERIODIC BOUNDARY CONDITION

ALPHA FOR ALL GROUPS = 1,000004008 LEFT, AND 1.00000e000 RIGFT

CROSS SECTION DATA

eRgReaRRR S P |
MATERIAL 3¢ -3I:NA- 'SIINA l' «SIgMA Se eNU<SPEMA®  ¢F[SSTONs *BUCKL INGe
etessnrnner *TOTAL® TERD NE _* *F1SSION® *SPECTRUMe
GROUP 1 § 3:0:!-001 1 corsv-on: s, oogoo ~004 n.ngooo 000 0,000004000 0,000000000
GROUP 2 130004 3.484%0%001 1,00000-003 0,000004000 0.000004000 0.00000#000
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TRANSFER MATRIX
DOWNswws 1
11666650003
P=1 DOWNSCATTER
5,000000.006

SARERIAL G «S1GMA® osiaMA Se  eSTOMA 8v  eNU-SEEMAG +FISSIONs  BUCKLINGS
LTI T «TOTAL® . « ONE _* *F1SSIONY «SPECTRUM® :
GROUP 1 b B ognnu-oos L5 !uosu-ouz 1,00000-003 0, noonuoooo 1,000004000 0,000004000
GROUP 2 2'00000~004 1.40050%001 2,00000-003 6.00000%002 0.00000%000 0.000004000
TRANSFER MATRIX
DOWNasae 1
30000000

iy DoHNscAYTEu
: 1 000000 0053

END OF lNFUT p“x»v

INE
NO, oF POINTS P SeRRenn « 7 No, OF READS = 1
NO, OF LOWER AND UPPER WORDS FIRST READ = 321 AND 334
NO, OF LOWER AND UPPER WORDS LAST READ % 321 AND 399
TIMELs 1,347 TIME2= 1,748 GRoup !
TIMELw 1,974 TIME2e 2,586 GROUP 2

ITERATION BEGUN AT TIME *® 5.107
ITER, EIGENVALUE EMAX POINT EMIN POINT cal.-gPS, INP,-gPS,
1 1,000744000 1,00060,080 8  9,93399.001 7 7,391709004 1, onnuo 004
TINEge ' 5.455 TIMEzs 5,464 TIMESz 6,271 TINE4s 6,274 TINESe 6.271 TIMESw 6,29
ITER, EIGENVALUE EMAX POINT E"l“ POINT Ca INP, -gPS,
At

000744000 1,00000,000 6 1,000004000 8 2, voaz: 011 1,00000-004
TIMELs ' 6.813 TIMEzs  6.520 TIMESs 08y Y hean 75377 TINEBw ' 7,377 TiMESs 7,399
ITER, EIGENVALUE EMAX POINT EMIN POINT CaL.-EPS, INP,-BPS,
3 1.000744000 1.00000+060 6 1.,00000%000 B 04000004000 1.00000%004
TIMELs 7.790 TIME2® 7.798 TiME3w 8,491 TIME4® 8.496 TINESS 8.496 TiMR6s 8,516

eeaeQUTPUT DATA#was

FINAL ITERATION® 3 FINAL MULTIPLICATION FACTOR® 1:0007484000
POINT RADIUS  MATERIAL  F1SSION GROUP 1 GROUP 3 GROUP 4 GROUP 5 WROUP &

NunLEn Déu 1Ty gLux FLBx gLUl ’Eﬂl
g 0,00004000 3 0.00004000 5,0645.004
2 2125004000 3 0.00004000 4, 99934001
3 415000000 3 0.0§000000 4.%4204001 1.82 01
‘ 6,75004000 3 0.0000¢000 4.9393+001 1.84044001
5 9400004000 3 0.00004000 5.0645+001 167894001

P L L L AR R R R R R A A A e T L L L L A L R L DA SR L LA R R SR A avene
) 9,00004000 4 1,0066¢000 5,0645+001 x.e759oloi
6 9150004000 4 9.93402001 5.0773+001 1.65 01
7 1,0000%001 4 1,00664000 5,0645+001 1.97990-

'tlttttt'nttt"Qttttn.'ot.t-tt't"o"'.t""Qt'.ttt'a.a."."'ttt-

e - weran

AUXILIARY OUTPUT FOR GROUP 1

HEMISPHEREe  HEMISPMERE= _ ANGULAR FLUXES
PT, RADIUS SCALAR FLUX CURRENTeLEFT CURRFNTeRIGHT FROM MUsi, TO -1,
1 0,0000006000 5,0645444001 =1,2375694001 1.2748914001 4.0090084000 4.045565+000 4,3788404000 3.937286000
3,9934394000 3,9437474000
2 2,2500004000 ,9393434p01 -1,2344684001 1,25391%.001 3, 9503114000 4.000805+000 3.9052624000 3.879437+004

3.9099814000 3.943579+000

3 4,5000004000 4:9420224001 =1.2407864004 1.2407864001 3.9630034000 3.952898¢000 3.8621474000 3.863147+000
" 3,9928984000 3,9630034000

4 6,7500004000 4,9593434501 «1,29301%4001 1.2344684001 3.943579,000 3.9259814000 3,879437.000 3.90%262+007
4,0008054000 3,9903131+000

5 9,0000004000 5.0645444001 =1,2748914001 1.23736%001 3.9437474000 3.93343%9+000 3.9522864000 4.37884pe000
4.0455654000 4.009008%000

6 9.3000006000 5.077464+001 =1.2576294001 1.2576294001 3.977171000 3.991786+000 4.2013294000 4.201329+007
3.9617864000 3.977171+000

7 1,0000000001 5,0645444001 -1,237569¢4001 1,2748914001 4,0090084000 4,045565+000 4,3788404000 3,9922864000
3,9834394000 3,9437474000


http://-1.24C796.001

AUXILIARY OUTPUT FOR GROUP 2

HEMISPHERE=  WEMISPWEREe  ANGULAR FLUXES
PT, RADIUS SC‘LA: FLUX  CURRENTSLEFT CURRENT. nfauv r.S.'-u.;‘ rg -1
1 0.0000004000 1.6789094001 ~4,4894114000 4.1155164000 1, 3:4:97.000 1.3108824000 1.0328364000
1.4309564000 1.438812+000
2 2,2500004000 1.840374¢001 ~4.6280444000 4.4423964000 ’.:::zgzoggg 1.3959674000 1.616732e000
.
3 4,5000004000 1.8294B4p01 -4,5684p64000 4.5684p64000 1'::%:::':3“ 3 1.4503244000
1. 000 44227
4 6.7500004000 1,8403744001 =4,442396000 46280440000 1,4¢29140000 1, 47327::333 1,4924334000
2 1,355967,000 1.395233,000
5 9.0000004000 1,6789094601 -4,1155164000 4.4891114000 1,4385124000 1,4309%60000 1,3688464000
1 310882400 364
6 945000004000 1.6588% 4005 -4.76% 7000y 4.2769,74900 ‘8 & : :.3:!3:;:323 1:14249%4000
1 30!9970000 1.399844%000
7 1,0000004001 1,6789094001 -4,4891114000 41159164000 1. 3643974000 1.3108824000 1,032836+000
x.“o'!l-ono 1,438%424000
NEUTRON BALANCE CHARACTERISTICS gROUP 1
INTEGRATED INTEGRATED TOTAL TOTAL NETY
FLUX FIXED SOURCE ABSORPTIONS T1SSIONS/K LEAKAGE
REGION 1 4,4831824902 0,000030%000 -7,397251,004 1.000000e000 «7,464498.901
REGION 2 5,0710044001 0,000082¢000 -1,383415,010 §,0000004000 7.464498.001
TOTALewe 4.990282+002 0.000050%000 =7.397253.004 1.0000004000 =9.313226-010
NEUTRON BALANCE CHARACTERISTICS gROUP 2
INTEGRATED INTEGRATED TOTAL TOTAL NET
FLUX FIXED SOURCE ABSORPT1ONS P ISSIONS/K LEAKAGE
REGION 1 1,6174594002 0,000050000 0,0000004000 1,0000004000 7.471895-001
Reaton 2 116679004001 0.000080%000 1.000740000 1,000000000 «7.471899-004
TOTALewe 1,7842494002 0,000050°000 1.0007404000 1,0000004000 «3.492460-010
»
REACTOR NEUTRON BALANCE
T0Takess 64774531002 0.000 1.000000000 1,0000004000 =1.280569-009

00go*00
THIS CASE cousunsn 11,907SECONDS OF Cun?urlﬂ TINE

ADJOINT CALCULATION, COHRESPONDING TO PRECEEDING FLUX CaLC
TESS TWO GROUP«TWO REGION TEST PROBLEM,NOT EQUALS 10,8PACE COLLAPSE

NO. OF POINTS PER READ = NO. OF READS =
OF LOWER AND UPPER WORDS Flnsv READ =

NO, o 321 AND 354
NO, OF LOWER AND UPPER WORDS LAST READ s 321 AND 399

IN ON 2FRoM 170 321
OUT ON IFROM ito 321

IN ON 2FROM 300170 33%4
00T ON 3FROM 3001TO 3354

IN ON 8FROM iro 321
0UT ON 2FROM 170 321

IN ON 8FROM 300170 3334
OUT ON 2FROM 300170 3334

IN ON 3FROM 170 321
OuT ON 8FROM ivo 321

IN ON 3FROM 300170 3354
OUT ON 8FROM 3001TO 3354
ITERATION BEGUN AT TINE = 26,113
ITER, EIGENVALUE EMAX »omv EMIN POINT cal.-EFS, INP,-EPS,

1 1,000744000 1,000004000 1,00000e000 7 7,391708004 1,00000-004
?luea. ‘26,386 TIME2s 26,374 vxuss. '27,278 Tingda 27,278 TIMESs 27,279 TiWese 27,301

1.368848400n
1.4994334000
1.4353244004
1.614732000
1.0398364000
1149495000
1.3488484000
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ITER, EIGENVALUE EMAX POINT EMIN POINT CaL. -av:au 11:; 3"'6
2 1,000744000 1,000004000 6 1,000004000 7 0,00000¢0 000=0
TIMELw 27,474 TIMEZ:  27.482 TIMESs 28,389 TIME4s 28,389 TUNESs 28,389 TIME6w 28,409
ITER, EIGENVALUE EMAX POINT EMIN POINT cAL.-EP=.° tl::a;:P:a‘
3 1,000744000 1,000004000 6 1,000004000 7 0400000400 . -
TINELs T'o8 833 TIMEZS | 28642 TIMESH 29,498 TIME4s 29,502 TIHESs  29.502 TIMB6R 29,924
**esOUTPUT DATA®wss
FINAL ITERATIONs 3 PINAL MULTIPLICATION FACTORs 1,0007404000
oypP aROyP oyp 8 SROUP 6
NORARR pLEELLE LA $8937nt ?%3 ut 1858783 289854 AT 289857
L 0,00004000 3 1,00074000 nnon 600
2 2,25004000 3 1.0007+000 nonooioo
3 4,50004000 3 1,0007+000 : 1000800
4 6,75004000 3 1.0007+000 1,000040800
5 9, ,00004000 3 1.0007+000 ~ <
.."'.ll"-'t.'.'l.".'t.t...t.' P T T A LA TR LT A * .
9 0004000 4 1,0007+000 1,00
6 0004000 4 1.0007+000 1, ouoo-tnn
7 1 00004001 ‘4 1.0007.000 1,0000 :
"'.'t't't""ttt Shatatahane LA T TR g AR R R R R LA ) - -
AUXILIARY OUTPUT FOR GROUP 2
HEM{SPHERE= HEMISPHERE = ANGLLAR ADJOINTS
PT, RADIUS SCALAR ADJOINT CURRENT=RIGHMT CURRENTeLEFT FROF MUsed, TO 1. . . <
1 0,0000004000 1.0000004000 =2,550000-004 2.500000<001 7.9:7747.002 7,9877479-002 7.997747.002 7.937747-002
i ~ 7.997747-002 7.9%7747-002 . :
2 2,2500004000 4.000000+600 =2.550000-004 2.500000+00% 7.937747+002 7.957747-002 7.937747=002 7.997747-002
~ 7.9%7747.002 7,957747-002 _ ;
3 4.5000004000 1.000000+800 =2.550000=001 2.500000-00% 7.987747.002 7.957747-002 7.9%7747<002 7.937747-002
7.9777472002 7.957747-002 ) 5
4 6.,7500004000 1,0000004600 =2,550000-00¢ 2.500000-001 7,927747.002 7.337747~ -002 7,987747.002 7.957747-002
7.987747.002 7, .957747-902
5 9,0000004000 1:000000%000 =2.5§0000°004 2.500000-001 7. 9877472002 7.9%7747=002 7.937747=002 7.999747%002
7.957747%002 7.9577477002 )
6 9,5000004000 1.000100+900 =2,550000-004 2.500000+001 7 957747002 7.957747-002 7,937747.002 7.987747-002
7.987747.002 7. 997747 002
7 1,0000004001 1.000000%000 =2,550000001 2.500000-001 7.9 7.987747 7.957747<0 7.989747-002
. 1 50000 500000«00 7_93;;4;.8 37 q 7248= 885 . 47.002 L1
AUXILIARY OUTPUT FOR GROUP 1
WEMiSPHEREs  HEMISPHERE=  ANGLLAR ADJOINTS
PT, RADIUS SCALAR ADJOINT CURRENTeRIGHT CURRENTeLEFT FRO" MUsei. TO 4.
1 0,0000004000 1.0007404000 =2,501864=001 2.501846.001 7,9€3647.002 7,963629-002 7,963463.002 7.963875-002
7,9¢3684.002 7,95397?.002
2 2.2500004000 1.000745+000 -2.501866-001 2.501857.001 7,9E3656-002 7.963651-002 7.963698.002 7.963711-002
7.963688.002 7,963679-002
3 4,%000004000 1.000746+000 =2,551863-001 2.501863-001 799636692002 7.963674-002 7,96371%002 7.963719-007
7.9€3674+002 7,963669-002
4 6,7500004000 1.0007454000 =2,551857-001 2.301866.001 7,9¢3679.002 7,963488-002 7,963711.002 7,963698-007
7,9636514002 7.963656-002
5 9.,0000004000 1.000740+000 =2.571846=001 2.501864=001 7.9€3679-002 7.963484-002 7.96347%002 7.963463-003
5 7.9¢3629%002 7:9634477002 c
6 9,5000004000 1,000739+000 -2,551854.001 2,501854.001 7,9¢3862.002 7,963655-002 7,963551.002 7,963551-007
_ 7.963655.002 7,963862-002
7 1,0000004001 1,0007404000 -2,5518642001 2,501846.001 7,9¢3647.002 7,963629-002 7,963463.002 7,963675-002

7.9¢36844002

7,963679-002
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NEUTRON BALANCE CHARACTERISTICS gROUP 4

INTEGRATED INTEGRATED ror
AL TOTAL NgT
FLUX FIXED SOURCE ARSORPT I ONS FISSIONS /K LlAiAIE
REGION 1 94006697+00, 0.000030%000 ~1.4R6105+008 1.,000000%000 6.1845647011
REGION 5
2 1,000740400 0.000080000 ~2.730%502.012 9.0000000000 «7.275958-011
TOTALewe 1,0007444001 0,000057000 ~1.486106+008 4,000000e000 «2.910383-011
NEUTRON BALANCE CWARACTERISTICS gRoup 2
INTEGRATED INTEGRATED TOTAL TOTAL
NET
FLUX FIXED SOURCE ABSORPTIONS FISSTONS/K LEAKAGE
REGION 1 9400000000 0.000030000 0.0000004000 0.000000%000 3.690999-006
REGION 2 1.000000%000 0.00005°%000 6.000000+002 '9,995565-002 ~3.6986247006
TOTALeee 1,0000004001 0.,000050%000 ©.000000.002 9,995565.002 «1.091394.014
REACTOR NEUTRON BALANCE
TOTALews 2,0007444001 0,000087+000 5.998914.002 4,995565.002 «4.001777-011
THIS CASE CONSUMED 32.835SECONDS OF COMPUTER TINME
AUXILIARY OUTPUT FOR PERTURBATION ANALYSIS
INTEGRAL OF (FLUX(R/MU) TIMES ADJOINT(RsMU))DMU DR
REGION 1 AROUP 2 GROUP 3 QROUP 4 GROUP 5 GROUP &
{ 3 570255.001 1,287133,001
2 4,0383624000 1.3272724000
Torlt 3,974094+001 1.4198604001
| ACURRENT 1,1223474002 40367614001
*ABJ,CURNT 050000004000 1,1215124002
CURRENT 1 2578624001 4.2896154000
ABJ CURNT 0)000000.000 1.236930.001 .
lNTQGnAL : 19872684001 7,0961124000
INTEGRAL  3.680017+007 1.776745-913
REGION=WISE TOTAL INTEGRAL OF ANGULAR FLUX TIMES ADJOINT
REGION 1 REGION 2 REGION 3 REGION 4 REGION 5 REGION 6
c,asgson.oux 5,392030.030
TOTAL INTEGRAL OVER ANGLE, SPACE, AND ENERGY * 5.3939544001
INTEGRAL OF ((1/V(E))PHICE,R,MU)PHI#(E,R,MU))DMUDRDE = 6.124749+008
INTEGRAL OF ((CHICI)PHI#CI,R))(NUSIGF(I,RIPHICI,R), 1s1,NGR)DR » 1,169495000
SYSTEM PROMP TR FETINE = 3217-008
; i 7 F °~ h’ i 'x 95’ ’:.031. UMb 1,9872604001 EMiA, 3,600017.007 l4g 1 I8¢ 8

J7a ; In x sun5. 7.096112+000 SUMbs 1,98726%0001 EMiAs 80017-007 14s 1 1% 2

FISSION SPECTRUM FROM HOMOGENIZED GROUP 4 MOMOGENIZED REGION 1
04000004000 0,00000+000

A S H S 3¢ i I A R R Ll R

FISSION SPECTRUM FROM NOHOEENIZED GROUP 2 HOMOGENIZED REGION 1
1,000004000 0,000004000



148

HOMOGEN!ZED CROSS SECTION DATA

LOWER GROUP BOUNDARIES = 1 2
0 UPPER REGION BOUNDARIES = 2
.
D wslaMAw «SI1GMA Se
«REGION 1w «TOTAL® + ZERD #
TR TR L]
HOM GROUP 1 1,457339-001 1,437303.001 3
HOM GROUP 2 3344513001 3,288400#001 1
TRANSFER MATRIX
DOWNwess 1
2,006278
PL DOWN*** 1

5,504759.006

TOTAL TIME INCLUDING INTEGRATION EDIT Took

NOT EQUALS 15,SPACE COLLAPSE
PROGRAM TESS 694

SLAB GEOMETRY
FLUX CALCULATION OF DUAL FLUX«ADJOIN
* CROSS SECTION HOMOGENTZATION USING

INPUT DATA swes

GEQMETRY INDICATOR «

NUMBER OF POINTS wewwus

NUMBER OF REGIONS waeew

NUMBER OF GRQUPS ¢+

DOWNSCATTER GROUPS wwew

ANGULAR APPROXIMATION «

ANGULAR INTERVALS e

POWER GUESS OPTION «

CONVERGENCE OPTION ww

QUTPUT OPTION *wwesesew

ELEMS, IN MIX, VECT, 6 ow

INPUT PRINT OPTION »

ITERATION MAXIMUM

P1+DOKWNSCATTER

TAPE ELEMENTS

SEARCH OPTION *

SEARCH ZONE swsees

SEARCH POS, IN MIX

FILL POS, IN MIXwwewe

BUCKLING INPUT OPTION

NO, OF REACTION RATES *

HOMOGENIZED GROUPS
HOMOGENIZED REGIONS wew

T OPTION
FLUXES AND ADJO

P

w
- NO OOOO00 MO0 ARK O

EPSILON wewsevwenw
INITIAL RADIUS «

EXTRAPOLATION FACTOR
NORMALIZATION FACTOR

1,00000-004
0,00000#000
0.00000%000
1,000004000

SECOND GUESS #wewe * 0,00000%000
EIGENVALUE DESIRED 1.00000000
SEARCH RATIO swwwwwawaw 0,00000e00(

REGION DATA

«S10MA Ss «NUeSI1GHAw «F18Si{0Ne  «DIFFUSIONs
*« ONE «FISSION® «SPECTRUMe #COEFFICIENT«
.50167%-004 030000004000 1,000000+000 2872744000
.og$s§3-0n3 !lzo%ns%-oos §:0000000000 9.966374-001

34.688 SECONDS

INTS FROM PRBCEEDING PROBLEM e

REGION REGION MAX IMUM DELTA OUTER
NO, MATERTAL POINT INDEX R RADIUS
i 3 5 2,250004000 9,000004000
2 4 7 00000.001 1,00000400%

ANGULAR DATA

MU 1#«1,000004000

MU 2%+5,00000-001

MU 3% 0,000004000

MU 4 0,000004000

MU 5+ 5,00000-001

MU 6% 1,00000%000

MIXTURE DATA

«INVERSE+
«VELOCITY®

7.230
2.290
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21 Laggsgetis v
3 4 0,00000.000, wix,
4 2 1.00000-0024

NO FIXED SOURCE INPUT

BOUNDARY CONDITION SPEGIFICATION
PERIODIC BOUNDARY cONprTON

ALPHA FOR ALL GROUPS = 1.000004006 WEPT, AND 1.00000e000 RIGPT

CROSS SECTION DATA

.Q’-'ttt.tt
#MATERIAL 3¢ *SIGMA® +SIGMA Se -slann L eNU=SIEMAe  «F1SSIONe *BUCKLINGe
sreveaesven -YovAL- _ % ZERO * * ONE _* *FISSION -sulcvnun.
GROUP 1 1,50925-004 1.49260%001 %,00000-004 0,00000#000 aoonoooan
GROUP 2 3,48150.004 3.481504004 1.00000-003 0,000004000 0,00000+000

TRANSFER MATRIX
DOWNesss 1

1,666650-003
Pei DOWNSCATTER
5,000000.006
ALl
*MATERIAL 4w *S1GMAe +SIGMA Se *SloMa Se eNU=SDEMAe  «FISSIONe *BUCKL INGe
ereasatanne «TOTALY « 20 ¢ * ONE _* 'rl!!).ﬂ' “SPECTRUMS
GROUP 1 1,00000=001 o.soo!o-ooz 1,00000903 ©0,000000000 1,00000+000
GROUP 2 2,00000-004 1,40000«001 2,00000-003 6,0000 0,000004000
TRANSFER MATRIX
DOWNewses 1
5,000000-003
p=1 DOWNSCATTER
1,000000-005%

ENp OF INPUT PRINT
TIME 0,575

AUXILIARY OUTPUT FOR PERTURBATION ANALYSIS

INTGGRAL OF (FLUX(R,NMU) TIMgS ApJOINT{R/MU))p¥U DR

REQION g QROUP __2 GROUP 3 QROUP 4 GROUP 8 Rour &
1 3,% oos.oo: 1,287133,001
2 4,0353774000 1,3272724000

; h 3,9711414001 1.430 604001
(1aCURRENT 111213120002 4.036763e001
+ADJ,CURNT 4,0367614001 :-1::!;2000:
114 CURRENT  1,2569304001 6154000
lﬁ 001

000

000

2
J,CURNT  4,2896154000 x.zso':o.

lnT!ﬂlAL 1,985791+001 7.096112¢

INTEGRAL  0,0000004000 0,000000e

REGIONNISE TOTAL INTEGRAL OF ANGULAR FLUX TIMES ADJOINT

REG]ON REGION 2 rRegfoN 3 REGION 4 REGION 5 REQION &
4_0!3;30.0%1 5,362649.000

'
TOTAL INTEGRAL OVER ANGLE, SPACE. AND ENERGY * 3.3910004001
INTEGRAL OF ((1/VCE))PHI(E,R,MU)PK1e(E,R,MU))DONUDRDE = 6.,122614<008

INTEGRAL OF (CCHICIIPNISCI,R))(NUSTGF{1,RIPHI(I,R), 1wy, NGRIDR & 1,188635+000
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SYSTEM PROMPT NEUTRON LlFlTIHI » 5,235263.008

J7e 1 1 1 SUMS= 1.9857914004 SUN6= 1,9857944001 EMiAs
Vi 1 Is 1 SUMSw 7,0061124000 SUM6m 1,985798001 EMiAw
'xssxgzosvecvnun raon NoHOﬂENll!D GROUP 1 WOMOGENIZED REGION 1
y7s 1 1s 2 suns- 1.98879{+001 SUM6e 7.,09612§4000 EMiAs
el | SUNS= 7.096112+000 sUnés 7.096128¢000 EM1AS
FISSION SPECTRUM FROM MOMOGENIZED GROUP 2 HOMOGENIZED REGION 1
1,000004000 0,000004000
HOMOGEN1ZED CROSS SECTION DATA
LOWER GROUP BOUNDARIES = 1 ]
0 UPPER REGION BOUNDARIES = 2
L i A
HONGRENT2ED vSlaMae «S10MA Se «S1GKA S, *NUsSTGMA®
#REGION 1¢ «TOTALw « ZERO * ONE «FISSI10Ne
R AR AL A )
WOM GROUP 457339=00 7:0! .50167%-00 0 «000
HOM GROUP 3 ¥ a44513-on 88400~ 097803-003 !‘2 g % 1-003
TRANSFER MATRIX
DOWN*##* 1
2,006278-003
P4 DOWNwee 1
5,504759=006
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